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REPETITION-BASED TRANSMISSION

CROSS REFERENCE
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16/407.579 by HOSSEINI ¢t al, entitled “REPETITION-BASED TRANSMISSION”, filed
May 9, 2019, and to U.S. Provisional Patent Application No. 62/670,668 by HOSSEINI, et

al, entitled “Repetition-Based Transmission,” filed May 11, 2018, cach of which 1s assigned

to the assignee hereof.

BACKGROUND

6002} The following relates generally to wireless communications, and more specifically

o supporting repetition-based transmission.

8003} Wireless communications systems are widely deploved to provide variouns types of
communication content such as voice, video, packet data, messaging, broadcast, and s¢ on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources {e.g., time, frequency, and power}. Examples of such multiple-
access systems include fourth gencration (4G) systems such as Long Term Evolution (LTE)
systems, LTE-Advanced (L'TE-A) systems, or LTE-A Pro systems, and {ifth generation (5G}
systems which may be referred to as New Radio (NR) systems. These systems may employ
technologies such as code division multiple access {CDMA), time division multiple access
{TDMA), frequency division multiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), or discrete Fournier transform-spread~-OFDM (DFT-8-0FDM). A
wireless multiple-access commumnications system may include a number of base stations or
network access nodes, each simulaneously supporting communication for multiple

communication devices, which may be otherwise known as user equipment (UE}.

0004} Some wireless commumnications systems may utilize repeated transmissions of a
same transport block {TB) to meet certain reliability standards. However, in low latency
systems, depending on the number of transmussion repetitions, a repetition window may €ross
a boundary between different subframes or slots. This may result in one or more of complex

multiplexing and poor or unreliable reception at a device for the repeated TB transmissions.
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SUMMARY

[8605] The described techmigues relate to improved methods, systems, devices, and
apparatuscs that support repetition-hased transmission. Generally, the described techiiques
provide for wireless devices to perform multiple transmissions, which may be referred to as
repetitions, of a same TB to meet certain reliability standards or thresholds. In low latency
systems, TBs may be transmitted 1n any {ransmission time interval {TT1). The systems may
mmplement processes to handle these T8 repetitions where a TB transmission may ¢ross a
slot, subframe, or eIMTA boundaries. For exampie, a device {¢.g., a base station) may
transmit control information indicating TB transmission to ancther device {¢.g., user
equipment (UE)), and the device may deternune the number of transmission repetitions for
the TB based on the control information. The device may mmphcitly or exphicitly deternine
whether it 13 configured to support a TB transmission of the number of transmission
repetitions that may cross slot, subframe, or eIMTA boundaries. The device may then
deternune how to handle the TB transmussion that extends across a boundary based on

whether it is configured to support boundary crossing.

{006} A method of wireless communications at a wireless device is descrabed. The
method may include receiving, during a TT1 of a subframe, control information mcluding an
mdication of transmission repetitions of a transport block (TB) for a set of TTls, identifying a
guantity of transmission repetitions of the TB based on the control information, and

monitoring for the transmission repetitions of the TB based on the dentifying.

[6007] An apparatus for wireless communications s described. The apparatus may
meclude a processor, memory in electronic commumication with the processor, and
mstructions stored in the memory. The mstructions may be executable bv the processor to
cause the apparatus to receive, during a TT1 of a subframe, control information including an
mdication of transmission repetitions of a transport block (TB) for a set of TTls, identify a
guantity of fransmission repetitions of the TB based on the control information, and monitor
for the transmission repetitions of the TB based on the identifyving. In some examples, the
apparatus may include a receiver, where the receiver receives, during the T11 of the

subframe, the control information.

[6008] Another apparatus for wireless communications is described. The apparatus may

mclude means for receiving, during a TT1 of a subframe, control information including an
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mdication of transmission repetitions of a transport block (TB) for a set of TTls, identifying a
guantity of fransmission repetitions of the TB based on the control information, and

monitoring for the transmission repetitions of the TB based on the identifyving.

[(009] A non-transitory computer-readable medium storing code for wireless
communications at a wireless device 1s described. The code may include instructions
executable by a processor to receive, dunng a TT1 of a subframe, control mformation
mclhuding an indication of transmission repetitions of a transport block (T8} for a set of TT1s,
identify a quantity of transmission repetitions ot the TR based on the control information, and

monitor for the transmussion repetitions of the TB based on the identifving.

{010} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
wdentifving a value in a field of a control format imdicator (CF1) associated with the control
mformation, and determining that a second TTI may be not available for transmitting one of

the transmission repetitions of the TB based on the value 1o the field of the CFL

{0011} In some examples of the method, apparatuses, and non-transitory computer-

readable medium described herein, the value in the ficld of the CFI may be 2.

{6012} In some cxamples of the method, apparatuses, and non-transitory computer-

readable medium described herein, the second TTI mav be a mini-slot.

{0013] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, monitoring for the transmission repetitions of the TB may
mclude operations, features, means, or mstructions for monttoring a physical downlink shared

channel (PDSCH) for the transmigsion repetitions of the TB.

{8014} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instroctions for
determining that a second TTI may be not used for transmitting onc of the transmission

repetitions based on the control format indicator CF1 ficld having a value of 2.

{0661 5] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for

determining whether an initial TTT associated with a TT! index may be available for an mitial
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transmission associated with the transoussion repetitions of the TB based on the control

formation.

{6016} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
wdentifying a value in a field of a control format indicator (CF1) associated with the control
mformation, where determining whether the mitial TTI may be available for the initial

transmission may be further based on the value i the ficld of the CFL

{6617} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the imtial TT1 associated with the TTI index may be unavailable for the
mitial transmission based on the value in the field of the CFl, and delayving the mtial

transmission to a second TT1 after the initial TTL

001 8] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instroctions for
determining that the inttial TT1 associated with the TT1 index may be unavailable for the
mitial transmission based on the value 1n the field of the CF1, puncturing the nitial TTI based
on determining that the mitial TTE may be unavailable, and monitoring for a subsequent TB
transmission of the quantity of transmission repetitions during a sccond T after the vutial

TTL

[0019] In some examples of the method, apparatuses, and non-transitory computer-

readable medium described herem, the CFI may be received dvnamically or semu-statically.

{6020] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the CFI may be received on a physical control format

mdicator channel (PCFICH} or via higher layver signaling.

{0021} Some examples of the method, apparatuses, and non-~transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that a portion of the transmission repetitions extend across a subframe boundary
based on a TT1 index of an initial transmission and the control nformation, identifying that

the wireless device may be configured to support extending across a subframe boundary, and

wentifying a quantity of available TTIs in a second subframe.
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[06622] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that a PDSCH may be not mapped to rescurces of a TT1 in the second subframe
based on identifying the quantity of available TTls, puncturiog the TT in the second
subframe based on the PDSCH not being mapped to the TT1, and monttoring the portion of

the transmission repetitions during the second subframe based on the puncturing.

6023} In some cxamples of the method, apparatuses, and non-transitory computer-
readable medium described herein, each TB transmission of the transmission repetitions may

be monitored for in a different TTT of a repetition window.

024} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
identifving a T index for an initial transmission associated with the transmission repetitions
of the TB, deternuning that a portion of the transmission repetitions extend across a subframe
boundary based on the TT1 index of the inttial transmission and the control information, and

mondtoring the portion of the transmission repetitions extending across a subframe boundary.

[6025] Some examples of the method, apparatases, and non-transitory computer-readable
mediam described herein may further include operations, features, means, or wnstructions for
wdentifying that the wircless device mav be not configured to support extending across a
subframe boundary, and deternuning a quantity of available TTls for the transmission
repetitions of the TB, where monitoring for the transmission repetitions of the TB may be

further based on the quantity of available TTs.

06026} Some examples of the method, apparatases, and non-transitory computer-readable
mediam described herein may further include operations, features, means, or wnstructions for
determining that the quantity of available TTls may be below the set of TTls for the quantity
of transnmigsion repetitions of the TB, and suspending monitoring at least one TIT of the set

after an ulomate TTI of the quantity of avatlable TTls.

{027} Some examples of the method, apparatuses, and non-~transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining to monitor for the transmission repetitions of the TB until an ultimate TT1 of the
quantity of available TTls based on an indication reccived in a downlink control mformation

(DCH.
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[06628] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
wentifying a configuration of the wireless device, and determining whether the wireless
device may be configured to support extending across a subframe boundary based on the

configuration.

[(6029] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, identifying the configuration may be based on a capability
of the wireless device. In some examples of the method, apparatuses, and non-transiiory
computer-readable mednum described herein, the capability may mclede a demodulation
reference signal (DMRS) sharing capability, a DMRS combming capability, a configuration
signaling, or an mndication of the DMRS sharing capability or the DMRS combining

capability relative to TTIs on each side of a subframe boundary, or a combination thereof.

{8634} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instroctions for
identifying a configuration of the wireless device, and determining whether the wireless
device may be configured to support extonding across an enhanced mterference mitigation

and traffic adaptation (eIMTA) boundary based on the configuration.

{0031} In some cxamples of the method, apparatuses, and non-transitory computer-
readable medium described herein, identifying the configuration may be based on a capability
of the wireless device. In some examples of the method, apparatuses, and non-transiiory
computer-readable medium described herein, the capability may include a demodulation
reference signal (DMRS) sharing capability, a DMRS combming capability, a configuration
signaling, or an indication of the DMRS sharing capability or the BDMRS combining

capability relative to TTIs on each side of a subframe boundary, or a combination thereof.

{6632} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instroctions for
determining a subframe configuration of the subframe based on the control information, and

determining that a portion of the transmission repetitions extend across the eIMTA boundary

based on the subframe configuration.

{6633} Some examples of the method, apparatuses, and non-transitory computer-readable

medium described herein may further include operations, features, means, or mstractions for
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wdentifving that the wireless device may be not configured to support extending across the
eIMTA boundary based on the subframe configuration, where monttoring for the
transmisston repetitions of the TB further includes suspending monitoring the portion of the
transmigsion repetitions occurring after the eIMTA boundary based on the wirgless device not

being configured to support extending across the efMTA boundary.

[6034] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining a quantity of available TTIs for the transmission repetitions of the TB based on
the wircless device not being configured to support extending across the eIMTA boundary,
where monitoring for the transmission repetitions of the T8 may be further based on the

quantity of available TTls.

[6035] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the quantity of available TTIs may be below the set of TTls for the gquantity
of transmission repetitions of the TB, and suspending monitoring at least one TT1 of the set

after an ultimate TT1 of the quantity of availabic T1ls.

{6036] Some examples of the method, apparatoses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
wdentifving that the wireless device mav be configured to support extending across the
cIMTA boundary based on the subframe configuration, where monttoring for the
transmigsion repetitions of the TB further inchudes monitoring for the portion of the
transmission repetitions occurring afier the ¢IMTA boundary based on the wireless device

being configured to support extending across the eIMTA boundary.

{6637] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
wentifying a TTT index for an initial transmission associated with the transmission repetitions
of the TB, determining that the portion of the transmission repetitions extend across the
eIMTA boundary based on the TTI index of the initial transmission and the control
mformation, and monitoring the portion of the transmission repetitions extending across the

c¢IMTA boundary based on the subframe configuration.
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{06638] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
wentifying a quantity of available TTIs in a second subframe based on the wireless device
being configured fo support extending across the elMTA boundary, determining that a
PDSCH may be not mapped to resources of a T11 in the sccond subframe based on
wdentifying the quantity of available TTls, puneturing the TT1 in the second subframe based
on the PDSCH not being mapped to the TTE and monitoring the portion of the transmission

repetitions during the second subframe based on the puncturing.

{6639} Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the portion of the transmission repetitions extend across an uplink portion of
a special switching subframe (SSF) associated with the subframe configuration, where
momnitoring for the transmission repetitions of the TB further includes suspending monitonng
the portion of the transmission repetitions occurring after the uplink portion of the SSF based

on the wireless device not being configured to support extending across the S8F.

[0040] Some examples of the method, apparatuses, and non-~transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the portion of the transmission repetitions extend across an uplink subframe
associated with the subframe configuration, where the transmission repetitions may be in a
downlink transmission and monitoring for the transmission repetitions of the TB further
mehudes suspending monitoring the portion of the transmission repetitions occurring after the
uplink subframe based on the wireless device not being configured o support extending

across the uplink subframe.

[0041] Some examples of the method, apparatoses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the portion of the transmission repetitions extend across an uplink portion of
a special switching subframe (S8F) associated with the subframe configuration, where
monitoring for the transmission repetitions of the TB further includes delaving or punctunng
a subframe following the SSF for nmonitoring the portion of the transmission repetitions
occurring atter the uphnk portion of the SSF based on the wireless device bemmg configured to

support extending across the SSF.
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[06042] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determining that the portion of the transmission repetitions extend across an oplink subframe
associated with the subframe configuration, where the transmission repetitions may be i a
downlink transmission and monitoring for the fransmission repetitions of the TB further
mclades delayving or puncturing a subframe following the uplink subframe for monitoring the
poition of the transmission repetitions occurring after the uplink subframe based on the

wireless device being configured to support extending across the uplink subframe.
BRIEF DESCRIPTION OF THE DRAWINGS

3043} FiGs. 1 and 2 dlustrate examples of a wircless commumications system in

accordance with aspects of the present disclosure.

0044} FIGs. 3A and 3B illustrate examples of a configuration in accordance with aspects
of the present disclosure.

[3045] FIG. 4 1llustrates an example of a process flow n accordance with aspects of the
present disclosure.

{8646} FiGs. 5 and 6 show block diagrams of devices in accordance with aspects of the
present disclosure.

{047} FIG. 7 shows a block diagram of a communications manager in accordance with
aspects of the present disclosure.

{0048} FIG. 8 shows a diagram of a system including a device m accordance with aspects

of the present disclosure.

4049 FlGs. 9 through 12 show flowcharts illustrating methods in accordance with
3 = &

aspects of the present disclosure.
DETAILED DESCRIPTION

HEERIH! A user equipment (UE) and/or a base station may fransmit or receive muliiple
transmissions, also referred to as repetitions, of a transport block (TB}, to ensure compliance
with a reliability standard. When low latency s a priority, these repetitions may be

transmitted without relying on a hybrd avtomatic repeat request {HARQ) triggering
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mechanism, thereby allowing the same TB to be transmitted multiple times over multiple
transnussion time intervals (TTIs). Depending on the number of repetitions transmitted and a
TTI index at which the first repetition is transmitted, two or more repetitions of the TB may
be transmitted in different TTEs of a slot of subframe, which may reduce the coherency

between the repetitions and degrade the quality of the TB reception.

10651} The described technigues provide for managing the transmission and reception of
multiple repetitions of a TB transmission that extend across a slot, subframe, and/or cIMTA
boundary. In this way, a UE and/or a base station can receive control information that
explicitly or implicitly indicates an indication of transmission repetitions of a TB fora
plurality of TTls, identifics a quantity of transmission repetitions of the T8 based on the
received control mformation, and monitors for the transmission repetitions of the TB
according to 8 configuration of the UE and/or the base station and based on whether the TB
transmission repetitions extend across a skot, subframe, and/or ¢IMTA boundary. As
explained herein, these technigues may result in improved repetition coherency of the

transmitted 1B,

{0052] Aspects of the disclosure are initially described 1n the context of a wircless
communications system. Additional aspects of the disclosure are described with reference to
an example configuration and process flow. Aspects of the disclosure are further tHustrated
by and described with reference to apparatus diagrams, system diagrams, and flowcharts that

relate to repetition-based transmission.

{0053] FiG. 1 iHustrates an example of a wireless communications system 100 in
accordance with aspects of the present disclosure. The wircless communications system 100
meludes base stations 103, UEs 1135, and a core network 130, In some examples, the wireless
commumications system 100 may be a Long Temm Evoletion (LTE) network, an LTE-
Advanced (LTE-A) network, an LTE-A Pro network, or a New Radio (NR) network. In some
cases, wircless communications svstem 100 may support enhanced broadband
communications, ultra-reliable {e.g., mission critical) communications, low latency

communications, or communigations with low-cost and low-complexity devices.

[B054] Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Base stations 105 described herein may inclade or may be referred to

by those skilled in the art as a base transceiver station, a radio base station, an access point, a
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radio transceiver, a NodeB, an eNodeB (eNB), a next-generation Node B or giga-nodeB
{crther of which may be referred to as a gNB), a Home NodeB, a Home ¢NodeB, or some
other suitable terminology. Wircless communications svstem 100 may include base stations
105 of different types {¢.g., macro or small cell base stations). The UEs 115 described herein
may be ablc to communicate with various tvpes of base stations 105 and network cquipment

mcluding macro eNBs, small cell eNBs, gNBs, relay base stations, and the like.

{6655] Fach base station 105 may be associated with a particular geographic coverage
arca 110 in which communications with various UEs 115 1s supported. Each base station 105
may provide communication coverage for a respective geographic coverage arca 110 via
comnumcation links 123, and communication links 125 between a base station 105 and a UE
113 may utilize one or more carriers. Communication links 125 shown i wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 103, or downlink transmissions from a base station 105 to a UE 115, Downlink
transmissions may also be called forward link transnussions while uphink transmissions may

also be called reverse link transmissions.

{0056] The geographic coverage arca 110 for a base station 105 may be divided into
sectors making up only a portion of the geographic coverage arca 110, and each sector may
be associated with a cell. For example, each base station 1035 may provide conmmunication
coverage for a macro cell, a small cell, a hot spot, or other types of cells, or various
combinations thereof. In some examples, a base station 105 may be movable and therefore
provide communication coverage for a moving geographic coverage area 110, In some
examples, different geographic coverage arcas 110 associated with different technologies
may overlap, and overlapping geographic coverage arcas 110 associated with different
technologies may be supported by the same base station 105 or by different base stations 103,
The wireless communications svstem 100 may mclude, for example, a heterogencous
LTHE/LTE-A/LTE-A Pro or NR network in which different types of base stations 105 provide

coverage tor various geographic coverage arcas 110,

{8657} The term “cell” refers to a logical communication entity used for communication
with a base station 105 (e.g., over a carrier), and may be associated with an identifier for
distinguishing neighbormg cells (e g., a physical cell wdentifier (PCID), a virtual cell wdentifier

(VCID)) operating via the same or a different carrier. In some examples, a carner may
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support mmltiple cells, and different cells may be configured according to differcnt protocol
tvpes {¢.g., machine-tvpe communication (MTC), narrowband Internet-ot~Things (NB-IoT),
enhanced mobile broadband (eMBB), or others) that may provide access for different types of
devices. [n some cases, the term “cell” may refer to a portion of a geographic coverage area

110 {c.g., a sector) over which the logical entity operates.

{(058] UEs 115 may be dispersed throughout the wireless communications system 100,
and cach UE 115 may be stationary or mobile. A UE 115 may also be referred to as a mobile
device, a wireless device, a remote device, a handheld device, or a subscriber device, or some
other suitable terminology, where the “device” may also be referred to as a unit, a station, a
terminal, or a client. A UE 115 may also be a personal electronic device such as a cellular
phone, a personal digital assistant (PDA), a tablet computer, a laptop computer, or a personal
computer. In some examples, a UE 115 may also refer to a wireless local loop (WLL) station,
an Internet of Things (I0T) device, an Intemet of Everything (IoE) device, or an MTC device,
or the like, which may be miplemented in various articles such as appliances, vehicles,

meters, or the Iike,

[0059] Some UHs 115, such as MTC or [oT devices, may be low cost or low complexity
devices, and may provide for antomated communication between machines {¢.g., via
Machine-to-Machine (M2M) commumication}. M2M communication or MTC may refer to
data commmumication technologies that allow devices to communicate with one anotheror a
base station 105 without human intervention. In some examples, M2ZM communication or
MTC may meclude commumications from devices that integrate sensors or meters to measure
or capture nformation and relay that information to a central server or application program
that can make use of the information or present the information to humans interacting with
the program or application. Some UEs 115 may be designed to collect information or enable
automated behavior of machines. Examples of applications for MTC devices include smart
metering, inventory monitoring, water level monitoring, equipment monitoring, healthcare
monttoring, wildlife monitoring, weather and geological event monitonng, fieet management
and tracking, remote secunty sensing, physical access control, and transaction-based business

charging.

6060} Some UEs 115 may be configured to emplov operating modes that reduce power

consumption, such as half-duplex communications {¢.g., a mode that supports ong-way
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conumunication via fransmission or reception, but not transmission and reception
simuitancously). In some examples half-duplex communications may be performed at a
reduced peak rate. Other power conservation techniques for UEs 115 include entering a
power saving “deep sleep” mode when not engaging in active communications, or operating
over a limited bandwidth (e.g., according to narrowband communications). In some cases,
UEs 115 may be designed to support critical functions {¢.g., mussion critical functions}, and a
wireless communications systera 100 may be configured to provide vltra-reliable

conununications for these functions.

{0061} In some cases, a UE 115 may also be able to communicate directly with other UEs
115 {c.g., using a peer-to-peer (P2P) or device-to-device (D213} protocol). One or more of a
group of UHs 115 utilizing D2D communications may be within the geographic coverage
area 110 of a base station 105, Other UEs 115 1n such a group may be outside the geographic
coverage arca 110 of a base station 105, or be otherwise unable to receive transmissions from
a hase station 105. 1o some cases, groups of UEs 115 communicating via D2D
communications may utilize a one-to-many (1:M) system in which each UE 115 transmits to
every other UE 113 in the group. In some cases, a base station 105 factlitates the scheduling
of resources for DZD communications. In other cases, D20 communications are carried out

between UEs 115 without the involvement of a base station 105,

[6062] Base stations 105 may communicate with the core network 130 and with one
another. For example, base stations 105 may interface with the core network 130 through
backhau! links 132 (e.g., viaan §1, N2, N3, or other interface}. Base stations 105 may
communicate with one another over backhau! links 134 {e.g., via an X2, Xn, or other
interface} either directly {e.g., directly between base stations 1035) or indirectly (e.g.. via core

network 130),

[0063] The core network 130 mayv provide user authendication, access authorization,
tracking, Internet Protocol {IP) connectivity, and other access, routing, or mobility functions.
The core network 130 may be an evolved packet core (EPC), which may inclade at least one
mobility management eatity (MME), at least one serving gatoway {$-GW), and at least one
Packet Data Network (PDN) gateway (P-GW). The MME may manage non-access stratum
{¢.g., control plane) functions such as mobility, authentication, and bearer management for

UEs 115 served by base stations 105 associated with the EPC. User IP packets may be
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transforred through the 5-GW, which itself mav be connected to the P-GW. The P-GW may
provide IP address allocation as well as other functions. The P-GW may be comnected to the
network operators IP serviges. The operators 1P services may include access to the ternet,
Intranct(s}, an 1P Moltimedia Subsystem (IMS), or a Packet-Switched {(PS) Streaming

Service.

[(6064] At least some of the network devices, such as a base station 105, may include
subcomponents such as an access network entity, which may be an example of an access
node controlier (ANC). Each access network entity may communicate with UEs 115 through
a number of other access network transmission entities, which may be referred to as a radio
head, a smart radio head, or a transnussion/reception pownt {TRP). In some configurations,
various functions of gach access network entity or base station 105 may be distributed across
various network devices {e.g., radio heads and access network controllers) or consolidated

nto a single network device {e.g., a base station 105).

{6065} Wireless communications system 100 may operate using ong or more frequency
bands, typically in the range of 300 MHz to 360 GHz. Generally, the region from 3060 MHz to
3 GHz 1s known as the ultra-high frequency (UHF) region or decimeter band, since the
wavelengths range from approximately one decimeter to one meter in length. UHF waves
may be blocked or redirected by buildings and environmental features. However, the waves
may penetrate structures sufficiently for a macro cell to provide service to UEs 115 located
mdoors. Transmission of UHF waves may be associated with smaller antennas and shorter
range {¢.g., less than 100 km} compared to transmission using the smaller frequencies and
longer waves of the high frequency (HF) or very high frequency (VHY) portion of the

spectrum below 300 MHz,

103066] Wircless communications system 100 may also operate in a super high frequency
{SHF) region using frequency bands from 3 GHz to 30 GHz, also known as the centimeter
band. The SHF region inciudes bands such as the 5 GHz mdusinal, scientific, and medical
(ISM) bands, which may be used opportumistically by devices that can tolerate interference

from other users.

{0087} Wireless communications system 100 may also operate 1n an extremely high
frequency (EHF) region of the spectram {e.g., from 30 GHz to 300 GHz), also known as the

millimeter band. In some examples, wireless communications sysiem 100 may support
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millimeter wave (mmW} communications between UEs 115 and base stations 105, and EHF
antennas of the respective devices may be even smaller and more closely spaced than UHF
antennas. In some cases, this may facilitate use of anterma arrays within a UE 115, However,
the propagation of EHF transmissions may be subject to ¢ven greater atmospheric atfenuation
and shorter range than SHF or UHF transmissions. Techniques disclosed hercin may be
employed across transmissions that use one or more different frequency regions, and
designated use of bands across these frequency regions may differ by country or regulating

body.

{0068} In some cases, wircless communications system 100 may utilize both Hicensed and
unlicensed radio frequency spectrum bands. For example, wircless communications system
100 may emplov License Assisted Access (LAA), LTE-Unlicensed (LTE-U) radio access
technology, or NR technology i an unlicensed band such as the 5 GHz ISM band. When
operating 10 unlicensed radio frequency spectrum bands, wireless devices such as base
stations 105 and UEs 115 may employ listen-hefore-tatk (LBT) procedures to cnsure a
frequency channel s clear before transmitting data. In some cases, operations m unlicensed
bands may be based on a CA configuration in conjunction with CCs operating in a hicensed
band {c.g., LAA). Operations in undicensed spectrum may include downlink transmissions,
uplink transmissions, peer-to-peer transmissions, or a combination of these. Duplexing in
unlicensed spectrum may be based on frequency division duplexing (FDD), time division

duplexing (TDD), or a combination of both.

8069} In some examples, base station 103 or UE 115 may be equipped with multiple
antennas, which may be used to employ techrigues such as transmit diversity, receive
diversity, nultiple-input multiple-output (MIMO) communications, or beamforming. For
example, wireless communications system 100 may use a transmission scheme between a
transmitting device {¢.g., a base station 1035) and a receiving device {e.g., a UE 115), where
the transmitting device 1s equipped with multiple antennas and the receiving devices are
equipped with one or more antennas. MIMO communications may employ multipath signal
propagation to increase the spectral efficiency by transmitting or receiving multiple signals
via different spatial layers, which may be referred to as spatial multiplexing. The multiple
signals may, for example, be transmitted by the transmitting device via different antennas or
different combinations of antennas. Likewise, the multiple signals may be received by the

receiving device via different antennas or different combinations of antennas. Each of the
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multiple signals may be referred to as a separate spatial stream, and may carry bits associated
with the same data stream {(¢.g., the same codeword} or different data streams. Different
spatial layvers may be associated with different antenna ports used for channel measurement
and reporting. MIMO techniques include single~-user MIMO (SU-MIMO} where multiple
spatial layers are transmitied to the same receiving device, and multiple-user MIMO (MU-

MIMO ) where multiple spatial layers are transmitted to maltiple devices.

{6670} Beamforming, which may also be referred to as spatial filtering, dircctional
transnussion, or directional reception, is a signal processing technigue that may be used at a
transmitting device or a recetving device {e.g., a base station 105 or a UE 115) to shape or
steer an antenna beam (¢.g., a transmit beam or receive beam) along a spatial path between
the transmitting device and the receiving device. Beamforming may be achieved by
combining the signals communicated via antenna clements of an antenna array soch that
signals propagating at particolar orientations with respect to an antenna array experience
constructive uierference while others experience destructive interference. The adjustment of
signals commumicated via the antenna elements may mclude a transmitting device or a
receiving device applying certain amplitude and phase offsets to signals carned via each of
the antenna elements associated with the device. The adjustments associated with cach of the
antenna elements may be defined by a beamfornung weight set associated with a particular
orientation {e.g., with respect to the antenna array of the transmitting device or receiving

device, or with respect to some other origntation).

{8071} In one example, a base station 105 may use multiple antennas or antenna arravs to
conduoct beamforming operations for directional communications with a UE 115, For
mstance, some signals (¢.g. synchronization signals, reference signals, beam seloction signals,
or other control signals) may be transmitted by a base station 105 multiple tunes in different
directions, which may mclade a signal being transmitted according to different beamforming
weight sets agsociated with different directions of transmission. Transmissions in different
beam directions may be used to identify {¢.g., by the basc station 105 or a receiving device,
such as a UE 115} a beam direction for subsequent transmission and/or reception by the base
station 105, Some signals, such as data signals associated with a particular receiving device,
may be transmitted by a hase station 103 1n a single beam direction {¢.g., a direction
associated with the receiving device, such as a UE 1135). In some exampies, the beam

direction associated with transmissions along a single beam direction may be determined
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bascd at feast in in part on a signal that was transmitied in different beam directions. For
example, a UE 115 may receive one or more of the signals transmitted by the base station 105
in different divections, and the UE 115 may report to the base station 103 an indication of the
signal it received with a highest signal quality, or an otherwise acceptable signal quality.
Although these technigues are described with reference to signals transmitted in one or more
directions by a base station 105, a UE 113 may employ similar techniques for transmitting
sigials muldtiple times in different directions {¢.g., for identifying a beam direction for
subsequernt fransmission or reception by the UE 115}, or transmitting a signal in a single

direction {¢.g., for transmiiting data to a receiving device).

[6072] A receiving device {¢.g., a UE 115, which may be an cxample of a mmW
receiving device) may try multiple receive beams when receiving various signals from the
base station 105, such as synchronization signals, reference signals, beam selection signals, or
other controd signals. For example, a receiving device may try multiple receive directions by
recetving via different antenna subarrays, by processing received signals according to
different antenna subarrays, by receiving according to different receive beamforming weight
sets applied to signals received at a plurality of antenna elements of an antenna array, or by
processing received signals according to different receive beamforming weight sets applicd to
signals received at a plurality of antenna elements of an antenna array, any of which may be
referred to as “listening” according to different receive beams or recetve directions. In some
examples a receiving device may use a single receive beam to receive along a singke beam
direction {¢.g., when receiving a data signal). The single receive bearm may be aligned ina
beam direction determined based at least m part on histening according to different receive
beam directions (¢.g., a beam dircction determined to have a highest signal strength, highest
signal-to-noise ratio, or otherwise acceptable signal quality based at least in part on listening

according to multiple beam directions).

[6673] In some cases, the antennas of a base station 105 or UE 115 may be located within
one or more antenna arrays, which may support MIMO operations, or transmit or receive
beamforming. For example, one or more base station antennas or antenna arrays may be co-
located at an antenna assembly, such as an antenna tower. In some cases, antennas or antenna
arravs associated with a base station 105 may be located in diverse geographic locations. A
base station 103 may have an antenna array with a number of rows and columns of antenna

ports that the base station 105 may use to support beamforming of communications with a
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UE 115, Likewise, a UE 115 may bhave onc or more antenna arrays that may support various

MIMO or beamforming operations.

{6074} In some cases, wircless communications system 100 may be a packet-based
network that operate according 1o a layered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PDCP} layer may be IP-based. A Radio
Link Control (RLC) layver may in some cases perform packet segmentation and reassembly to
communicate over logical channels. A Medium Access Control (MAC) layer may perform
priority handling and multiplexing of logical channels mto transport channels. The MAC
laver may also use hybrid automatic repeat request (HARQ) to provide retransmission at the
MAC laver to improve link efficiency. In the control plane, the Radio Resource Control
(RRC) protocol layer may provide establishment, configuration, and maintenance of an RRC
comnection between a UE 115 and a base station 105 or core network 130 supporting radio
bearers for user plane data. At the Physical {(PHY ) layer, transport channels may be mapped

to physical channels.

[6075] In some cases, UEs 115 and base stations 105 may support retransmissions of data
to increase the likelihood that data is received successfully. HARQ feedback is one technigue
of increasing the hikelibood that data 1s received correctly over a communication hink 125,
HARQ may include a combination of error detection {e.g., using a cyclic redundancy check
{CROY, forward error correction (FEC), and retransmission {e.g., antomatic repeat request
{ARG}). HARQ may mprove throughput at the MAC laver 1n poor radio conditions {e.g.,
signal-to-noise conditions). In some cases, a wireless device may support same-slot HARQ
feedback, where the device may provide HARQ feedback in a specific slot for data received
i a previous symbol m the slot. In other cases, the device may provide HAR( feedback in a

subsequent slot, or according to some other time interval,

{8076} Time intervals in LTE or NR may be expressed i multiples of a basic time unit,
which may, for example, refer to a sampling period of Ts = 1/30,720,000 scconds. Time
mtervals of a communications resource may be organized according to radio frames each
having a duration of 10 milliscconds {ms}, where the frame period may be expressed as

Tr = 307,200 T:. The radio frames may be identified by a svstem frame number (SFN)
ranging from 0 to 1023, Each frame may include 10 subframes numbered from 0 to 9, and

gach subframe may have a duration of 1 ms. A subframe may be further divided into 2 slots
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cach having a duration of 0.5 ms, and each slot may contain 6 or 7 modulation symbol
periods (e.g., depending on the length of the cyclic prefix prepended to each symbol peniod).
Excluding the cyclic prefix, cach symbol period may contain 2048 sampling periods. In some
cases, a subframe may be the smallest scheduling unit of the wircless communications system
100, and may be referred to as a transmussion time interval (TT1). In other cases, a smallest
scheduling unit of the wireless communications system 100 may be shorter than a subframe
or may be dynamically selected (c.g., in bursts of shortened TTls (sTTIs) or n selected

component carriers using sT11s).

{6677} In some wireless communications systems, a slot may further be divided mto
multiple mini-slots containing one or more symbols. fn some mstances, a svmbol of a mini-
slot or a nuni-slot may be the smallest unit of scheduling. Fach symbol may vary in duration
depending on the subcarrier spacing or frequency band of gperation, for example. Further,
some wireless communications systems may implement slot aggregation in which mulkiple
slots or mini-slots are aggregated together and used for communication between a UE 115

and a base station 105,

[6078] The term “carrier” refers to a set of radio frequency spectrum resources having a
defined physical layer structure for supporting communications over a communication link
125. For example, a carrier of a commanication link 125 may include a portion of a radio
frequency spectrum band that is operated according to physical layver channels for a given
radio access technology. FEach physical layer channel may carry user data, control
mformation, or other signaling. A carrier may be associated with a pre-defined frequency
channel {c.g., an E-UTRA absohse radio frequency channel number (EARFUNY), and may be
positioned according to a channel raster for discovery by UEs 115, Carners may be downlink
or uplink {¢.g., in an FD D mode}, or be configured to carry downlink and uplink
commumications {e.g., in a TDD mode). In some examples, signal waveforms transmitted
over a carrier may be made up of multiple sub-carriers (e.g.. using multi-carrier modulation
(MCM) techniques such as orthogonal frequency division multiplexing (OFDM) or DFT-s-
OFDM}.

[0079] The organizational structure of the carriers may be different for different radio
access technologies (e.g., LTE, LTE-A, LTE-A Pro, NR, etc.}. For example, commumnications

over a carrier may be orgamzed according to TTIs or slots, each of which may mchide user
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data as well as control information or signaling to support decoding the user data. A carrier
may also include dedicated acquisition signaling (e.g., synchronization signals or svstem
mformation, ctc.} and control signaling that coordinates operation for the carrier. In some
examples {e.g., in a carrier aggregation configuration}, a carrier mav also have acquisition

signaling or control signaling that coordinates operations tor other carriers.

{6080] Physical channels may be multiplexed on a carrier according to various
technigues. A physical control channel and a physical data channel may be multiplexed on a
downlink carrier, for example, using time division multiplexing (TDM) technigues,
frequency division nudtiplexing (FDM) techniques, or hybrid TDM-FDM techniques. In
some exaraples, control information transmitted in a phvsical control channel may be
distributed between ditferent control regions in a cascaded manner {e.g., between a common
control region or common scarch space and one or more UE-specific control regions or UE-

spacific search spaces).

0081} A carrigr may be associated with a particular bandwidth of the radic frequency
spectrum, and in some examples the carrier bandwidth may be referred to as a “svstem
bandwidth™ of the carrier or the wireless communications system 100, For example, the
carrier bandwidth may be one of a number of predetermined bandwidths for carmers of a
particudar radio access technology {(e.g., 1.4, 3, 5, 10, 15, 20, 40, or 80 MHz). In some
exarples, cach served UE 115 may be configured for operating over portions or all ofthe
carrier bandwidth. In other examples. some UEs 115 may be configured for operation using a
narrowband protocol type that is associated with a predefined portion or range {¢.g., set of
subcarriers or RBs) within a carrier {¢.g., “in-band” deployment of a narrowband protocol

type}.

{082] In a system employing MCM techniques, a resource element may consist of one
symbol period (e.g., a duration of one modulation symbol} and one subcarrier, where the
symboi period and subcarrier spacing are mversely related. The number of bits carried by
cach resource element may depend on the modulation scheme (¢ g, the order of the
modulation scheme}. Thus, the more resource elements that a UE 115 receives and the higher
the order of the modulation scheme, the higher the data rate may be for the UE 115. In
MIMO systems, a wireless communications resource may refer to a combination of a radio

frequency spectrum resource, a time resource, and a spatial resource {(¢.g., spatial layvers}, and



WO 2019/217912 PCT/US2019/031853

21

the use of multiple spatial lavers may further increase the data rate for communications with a

UE 115,

[6083] Devices of the wireless communications system 100 {e.g., base stations 105 or
UEs 115) may have a hardware configuration that supports communications over a particular
carrier bandwidth, or may be configurable to support communications over one of a set of
carrier bandwidths. In some examples, the wireless communications system 160 may include
base stations 105 and/or UHs 115 that can support simultancous communications via cariers

associated with more than one different carmer bandwidth.

{0084] Wircless compunications system 100 may support communication with a UE 115
on multiple cells or carniers, a feature which may be referred to as carner aggregation (CA) or
multi-carrier operation. A UE 115 may be configured with maltiple downlink {Cs and one or
more uplink CCs according to a carrier aggregation configuration. (arrier aggregation may

be used with both FDD and TDD component carriers.

{0085] In some cases, wireless communications system 100 may utilize enhanced
corponent carriers {¢CCs). An eCC may be characterized by one or more features including
wider carrier or frequency channel bandwidth, shorter symbol duration, shorter TT1 duration,
or modified control chanpel configuration. In some cases, an ¢{CC may be associated with a
carrier aggregation configuration or a dual connectivity configuration (e.g., when multiple
serving cells have a suboptimal or non-ideal backhaul link). An eCC may also be configured
for use m unlicensed spectrum or shared spectrum {¢.g., where more than one operator 18
allowed to use the spectrum}. An ¢CC charactenized by wide carrier bandwidth may include
one or more segments that may be utilized by UEs 1135 that are not capable of monitoring the
whole carrier bandwidth or are otherwise contigured to use a limited carmer bandwidth (e.g.,

{0 CONSSIve pOwer}).

0086} In some cases, an ¢CC may utihize a different symbol duration than other CCs,
which may include use of a reduced symbol duration as compared with symbol durations of
the other CCs. A shorter svimbol duration may be associated with increased spacing between
adjacent subcarriers. A device, such as a UE 115 or base station 105, utilizing ¢eCCs may
transmit wideband signals (e.g., according to frequency channel or carrier bandwidths of 20,

P

40, 60, 80 MHz, etc ) at reduced symbol darations {e. g, 16 .67 microseconds). A TTT in eCC



WO 2019/217912 PCT/US2019/031853

22

may consist of one or multiple symbol periods. In some cases, the TT1 duration (that is, the

number of symbol periods i a TTI) may be vanable.

{8087} Wircless communications systems such as an NR system may uvtilize any
combination of licensed, shared, and unlicensed spectrum bands, among others. The
flexability of eCC symbol duration and subcarrier spacing may allow for the use of ¢CC
across multiple spectrums. In some examples, NR shared spectrum may increase spectrum
utifization and spectral efficiency, specifically through dvnamic vertical {(¢.g., across the

frequency domain) and horizontal {¢.g., across the time domain} sharing of resources.

[G088] Some examples of the wircless communications system 100 may supporta
wireless device that may impiement transnussion repetitions of a same TB to meet a certain
reliability threshold. For example, a base station 105 may handle downlink transmission
repetitions of 3 same TB tc meet a certain reliability threshold in wltra-reliable low latency
communications (URLLC) systems. TBs mayv be transmitted in any TTI within a slot or
subframe (e g, based on when a packet becomes ready for transmussion} in a URLLC system.
For example. a TB may be transmitied multiple times to a UE 115. The base stations 105 and
UEs 115 may implement processes to handle these TB repetitions near slot, subframe, or
eIMTA boundaries. For example, the number of transmission repetitions for a TB may be
based on a TTT index of a TTT used for an initial transmission of the TB. The quantity of
repetitions corresponding to a TT1 may be based on a proxinuty of a slot, a subframe, or an

eIMTA boundary.

{0089} Legacy TDD svstems may force all cells 1o use a same TDD configaration though
it may have capability to usc different configurations by changing a system information block
{51B) configuration (¢.g., SIB1). In some cases, eIMTA mav allow a cell or cluster of cells to
dynamically adapt downlink/upliok subframe resources based on the actual traffic
requirements. For example, a cell may use downlink configuration when downlink traffic is
heavy {e.g., above a threshold) and vice versa. In some cases, for TDD eIMTA, these
downlink/uplink subframe resources can be configured. For example, a bascline
configuration {¢.g., an uplink configuration) may be signaled in a 5IB. In another example,
downlink HAR reference uphnk/downlink configuration may be signaled using RRC. A
device {¢.g., base station 105 or UE 113, or both) may signal a dynamic configuration using

L1 reconfiguration DCIL In some examples, uplink subframes and special subframes per SIB
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configuration may be dynamically reconfigured to downlink subframes. In some cases, a
subframe configuration may include one or more anchor subframes and/or non-anchor
subframes. An anchor subframe may be a common subframe for a baseline configuration and
downlink HARE reference configuration, while a non-anchor subframe may be adaptively

changed between uplink and downlink directions based on L1 signaling.

[0690] In some cases, the reconfiguration DCT may carry information to explicitly
mdicate a possible uplink/downlink contiguration. A DCI size may be aligned to a BCH
format (¢.g., BCI format 1C). The explicit reconfiguration BT may be transnutted in a
primary cell on PDCCH C88 or 8CG 85 under DBCIL A periodicity of the reconfiguration
DBCY may span 10, 20, 40, and/or 80 ms. A set of subframes for monitoring reconfiguration
DCI may be device-specific configured via RRC. For example, for 20, 40, and 80 ms
periodicity, subframes may correspond to subframes in a last radio frame within cach
periodicity. In case of TDD for a pumary cell, downlink and special subframes per SIB can
be configured for monttoring the reconfiguration DCL In case of FI3D for the primary cell,

any subframe can be configured for monitoring the reconfiguration DCL

{6081} In some cases, the reliability may be improved by allowing a repetition window to
span across multiple slots or subframes. A base station 105 may schedule and indicate the
transmission repetitions of a TB (e.g., a repetition factor K} for all TTIs within the repetition
window to a UE 115 in control information {¢.g., downlink control information (DI} A
repetition window may refer to a time period spansing one or more T1ls in which a same TB
1s repeated. As each TT1 may include a single TB transmission, a larger number of
transnussion repetitions may correspond to a longer repetition window {¢.g., where the

number of TTIs in the repetition window equals the number of TB transmission repetitions).

{092} In some cases, a base station 105 may transmit the control mformation {¢.g.,n a
grant} indicating the imtial TT1 index for the TB transmission to a UE 115, and the UE 115
may determine the quantity of transmission repetitions for the TB based on the TTT index or
an explicit indication in the control information. For example, an information ficld mside a
DCI may indicate the total munber of repetitions 1.¢., K. In some cases, a base station 105
and/or a UE 115 may determine that a portion of the repetitions may extend across a slot, a
subframe, or an ¢IMTA boundary. In this case, the base station 105 and/or the UE 115 may

monitor for the portion of the repetitions extending across the boundary, accordingly. In some
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examples the total number of repetitions 1., K may be defined based on whether the base
station 103 and/or the UE 115 are configurcd to support the repetitions extending across a
boundary. By supporting transmission repetitions of a TB, a base station 105 and/or a UE 115
may provide an cfficient manner to enhance communication {¢.g., reliability) and reduce

latency in the wircless communications system 100

{6093} FIG. 2 illustrates an example of a wireless communications system 200 in
accordance with various aspects of the present disclosure. For example, the wireless
communications svstem 200 may support repetition-based transmission for downlink and
uplink transmissions. In some examples, the wireless communications system 200 may
mplement aspects of the wireless communications system 100. The wireless communications
systern 200 may operate according to a radio access technology (RAT) such as 4G LTE or 3G
NR, although techniques described herein may be applied to any RAT and to systems that

may concurrently use two or more different RATs.

[0094] The wireless convmunications system 200 may include base station 105-3 and UE
115-a, which may be examples of the corresponding devices described with respect to FIG. 1.
The base station 105-a may provide service for a geographic area 110-a as described with
respect to FIG. 1. In some examples, the wireless communications systern 200 mav also
support transmission repetitions of a TB 1n an efficient manner to enhance communication
{e.g., rehability} in the wireless commumications system 200. For example, the wireless
commumications system 200 may be an LTE URLLC system or an NR URLLC system. etc.,

m which base station 105-a and/or UE 115-a support transmission repctitions of a TH.

{6695] In TB repetition, the base station 105-a3 and/or the UE 115-a may transnit same
TB multiple times over multipie TTis. fn some cases, these TTls may be referred to as
shortened TTIs {(sTTIs}) or mini-slots, and may span any length of time {(¢.g., two svmbols,
three symbols, ¢te.). In some cases, for reduced latency, the base station 103-a and/or the UE
115-a may transmit a TB as soon as a packet is generated and ready for transmission in the
TB. In these cases, the device may transmit a TB in any TTI within a slot of a subframe that
supports data transmission {¢.g., anv subframe other than a control subframe m a downlink or

any subframe in an uplink}.

[095] In some cases, depending on the TTT used for the titial TB transmission,

transmitting a certain quantity of repetitions of the TB may result in the transmission
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repetitions crossing a defined boundary {¢.g., a slot boundary, a subframe boundary, and/or
an elMTA boundary). In this case, when a transmussion repetition extends across the defined
boundary, the base station 105-a and/or the UE 115-a mav or may not be able to keep a phase
continuity. For example, different repetitions of the same transmission crossing such a
boundary may result in complex multiplexing for longer channels for different repetitions of
the TB. Such discrepancies may cause a loss of coherency between the repetitions. In some
cases, this may impact the possibility for demodulation reference signal {DMRS) sharing or
DMRS combuung. Alternatively, for the eIMTA case, when a transmission repetition ¢rosses
an eIMTA boundary {(¢.g., from downlink to uplink), the phase continuify may not nged 1o be

maintained.

{3097} The wireless communications system 200 may support one or more repetition
configurations for TBs for managing repeated transmissions that do cross these boundaries to
handle these potential issugs. The base station 105-a and/or the UE 115-a may be configured
with the repetition configuration. A repetition configuration may indicate whether
transnussion repetitions of a TB can or cannot cross a boundary (e.g., slot, subframe, and/or
cIMTA boundary). Thereby, the base station 105-a and/or the UE 115-a may handle repeated
transmissions of a TB that do or do not cross these boundaries based on the ropetition
configuration. In some examples, the repetition configuration may be based on a device
capability of the base station 105-a and/or the UE 115-a, m addition to its associated
configuration signaling. Additionally, or alternatively, the repetition configuration may be
based on whether DMRS sharing or DMRS combining across TT1s on cither side of a
boundary 1s provided. For example, the base station 105-3 and/or the UE 115-a may be
configured to transmt reference signals (¢.g., demodulation reference signals {DMRSs)) on
both sides of a boundary (e.g., within a repetition window) to support reception of the

transmission repetitions 220.

[6098] In some cases, the base station 103-a and/or the UE 115-a may determine the
transmission repetitions 220 of a TB, and schedule the TB to be transmitted i a specific T1E
corresponding to a TT1 index. The number of repetitions (1.¢, a repetition factor, K) of this
TB may be based on the TTT index. In some cases, the repetition factor K corresponding to a
TTI may depend on slot boundaries, subtrame boundaries, or eIMTA boundaries. For
example, to avoid transmission repetitions crossing a boundary, a TT1 index indicating a TT1

close to a boundary for a subsequent TT may correspond to a lower repetition factor than a
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TTI index indicating a TT1 farther from the boundary for the subsequent TTL The repetition
factors may or may not depend on slot, subframes, and/or ¢IMTA boundaries. In some
examples, a repetition factor K may depend on whether the base station 105-a and/or the UE
115-a are configured to handle repeated transmissions of a TB that do cross a boundary. The
value of the repetition factor X may be pre-determined or dynamically configured, and may
correspond o any number of TTls {¢.g., K may have avalue of 1, 2,3, 4, 5, 6, efc. or until an

end of a slot or a subframe).

[(3099] The base station 105-a may transmit control information 215, during a TTI, 1o the
UE 115-a via bidirectional link 210, where the control information 215 mdicates an
mdication of transmission repetitions 220 of a TB for multiple TTls. The control information
may nclude DCY transmitted on a physical downlink control channel (PDCCH) during the
TT1. In some cases, this indication may be an explicit indication {¢.g., a TT1I value mdicator)

or an imphicit indication {e.g.

P

based on the timing of the control information 2135, resources
used for the control mformation 215, etc ). In some examples, the control information 215
may be part of a grant and may be an example of a dynamic grant, a semi-persistent
scheduling grant, or a persistent scheduling grant. The grant may be for downlink or uplink

FESourcCes.

[01040] The control information 215 may include an explicit indication of the quantity of
transmission repetitions 220 for the TB corresponding to the TT1 index. In other cases, the
UE 115-a may determine the quantity of transmission repetitions 220 based on the received
mdication of the TT1 mdex. The UE 115-a may determine a repetition window based on the
TTI and the number of transmission repetitions. For example, because each repetition of the
TB may be transmitted in a separate T, the repetition window may span a number of TTs
equal to the number of transmuission repetitions {and, correspondingly, equal to the value of
the repetition factor), and may start with the TTI corresponding to the TTE mdex for the
mittal TB transmission. The UE 115 may then monitor for the transmission repetitions 220 of
the TB based on the quantity of transmission repetitions of the TB and/or the repetition

window.

0161} The UE 115-a may identify a TT1 index for an initial transmission associated with
the transmission repetitions 220 of the TR, and determune that a portion of the transmission

repetitions 220 extend across a subframe, slot, and/or eIMTA boundarv based on the TT
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mdex and the received control information. In this case, the UE 115-a may monitor for the
transmission repetitions 220 of the TB based on determining whether 1t is configured to
handle repeated transmissions of a TB that does cross one of these boundaries based on the
repetition configuration {¢.g.. UE-capability}. In some examples, this determmation may be
implicit or explicit. For example, the UE 115-a may identify that it is not configured to
support transmission repetitions 220 that extend across a boundary based on the identified
UE-capability. In some cases, a portion of the transmission repetitions 220 may extend across
an uplink portion of a special switching subframe (88F) associated with a subframe, or an
uplink subframe 1n case of a downlink transmussion repetitions. In this case, the base station
105-a may indicate in a DCI a reconfiguration of a subframe reconfiguration to the UE 115-a.
Additionally or altematively, the UE 1135-a may utilize repetition windows that cross
subframe boundaries. For example, the UE 115-a may increase the transmission reliability by
allowing repetition windows o span across more than one subframe, increasing the number
of transmission repetitions of the TB. To improve the reception rehiability, the UE 115-a may
transmit reference signals (e.g., DMESs) on cither side of the boundary if a repetition

window spans across the boundary.

[0102] FiG, 3A illustrates an example of a configuration 300-a in accordance with
aspects of the present disclosure. In some examples, the configuration 300-a may implement
aspects of the wireless communications systems 100 and 200. For example, the configuration
306-a may support TB repetition handling for downlink and vplink transmissions. The
configurations 300-a may iHustrate examples of repetition windows 310 for transmussion
repetitions 220 of TBs 1 an uplink or downlink, where the repetition windows 310 may be
constrained to a single subframe. As illustrated, a subframe may span two slots and contain
six TTIs 305 configured i a 3-2-2-2-2-3 pattemn, which may define the respective number of
OFDM symbols in each TTT of the subframe. The 3-2-2-2-2-3 pattern may be used to prevent
one of the TTIs 303 from spanning a boundary 315-a, which may be a slot boundary, a
subframe boundary, or an ¢IMTA boundary, or a combination thergof. In some examples, one
or more of the TTls 305 may be an anchor T or a non-anchor TTE In addition, a portion of
the TTls 305 may be allocated for downlink transmission, a second portion of the TTis 305
may be allocated for uplink transmission, and a third portion of TTIs 3035 may be allocated

for downlink/uplink reconfiguration {(e.g., a special TTVsubframe).
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0103} Each repetition window 310 may correspond to a TT1 303 {¢.g., based on the TTI
mdex). If an initial TB transmission occurs m a given TTT 3035, the base station 105-a and/or
the UE 115-a may determine the quantity of transmission repetitions 220 to perform for the
TB based on the TTT index for this initial transmission. The repetition windows 310
configured for each TT1 305 may be further based on the boundary 315-a {c.2., slot boundary
or eIMTA boundary} and another boundary 320-a {e g., a subframe bovndary). For example,
if an mitial transmission of a TB 15 scheduled for TTI 305-b, the base station 105-a and/or the
UE 115-a mav identify the corresponding repetition window 3 10-a for transmission
repetitions 220 of the TB based on the TT1 index of TT1 305-b. In some cases, the term
“fransmission repetitions” may refer {0 every transmission of the TB in the repetition process

{c.g., mchuding the oitial transmission),

{0104} Repetition window 310-a may span TTI 305-a, TTI 305-b, TT1 305-¢, and TT1
305-d, corresponding to a repetition factor of K = 4. The repetition factor K may indicate the
number of transmissions of the same TB for the base station 103-a and/or the UE 115-ato
perform, where the value of K is equal to the number of TT1s 305 spanned by the repetition
window 310. In the scenario described above, the base station 103-a and/or the UE 115-a
may witially transmit a TB in TT1 305-b, and may transmit the same TB again in T11 305-c,
cte. Repetition window 310-a may stop at TTT 305-¢ due to the boundary 313-a. Repetition
windows 310 for the other TTI indexes may be defined in a similar manner. For example,
TTI 305-¢c may correspond to repetition window 310-b with a K value of 1, TT1 305-d may
correspond to repetition window 310-¢ with a K value of 3 {e.g., where the repetition window
310 ends based on the boundary 320-a}, TT1 305-¢ may correspond to repetition window
310-d with 3 K value of 2, and TT1 305-f may correspond to repetition window 310-¢c with
K value of 1. These repetition factors K for the given repetition windows 310 are provided ag
examples, and other K values may be implemented for repetition windows 316 corresponding

to certain TTI indexes.

(41 05] In some cases where a boundary {e.g., the boundary 315-a and/or the boundary
320-a) cannot be crossed, the UE 115-a may determine that there are not sufficient TT1s 305
remaining votil an end of a subtrame. For example, the UE 115-a may recetve control
mformation including an indication of transmission repetitions 220 of a TB dunng 171 305-¢
where the repetition factor K value is 4. As such, the UE 115-a may only expect to receive

three transmission repetitions (e.g., for TTT 305-d, TTI 305-¢, and TTI 305-f}. Additionally,
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1 this case, the UE 115-a may determine how to handle the transmission repetitions 220 that
extend across the boundary 320-a {e.g., slot boundary and/or ¢IMTA boundary). For
example, the UE 115-a may determine a quantity of available TTls 303 for the transmission
repetitions 220 of the TB and monttor for the transmission repetitions 220 based on the
guantity of available TTls 305. The UE 115-a may determine that the quantity of available
TTIs 305 13 below the plurality of TTls for the quantity of transmission repetitions 220 of the
TB, and suspend monitoring at least one 111 of the plurality after an ulimate TT1 305 of the

quantity of available TTls 303.

[0106] In some cases, the UE 115-3 may not expect to receive countrol information {(¢.g.,
DCT) indicating a A value that requires crossing a boundary {e.g.. slot boundary and/or
eIMTA boundary) based on 1ts configuration, and as such may allow transmission repetitions
220 to go on until an end of a subframe or an ¢IMTA. In some cases, where TH 305 may be
subframes, the base station 105-a and/or the UE 115-a may determine that a portion of
transmission repetitions 220 of 2 TB may extend across an uplink part of an SSF, an uphnk
subframe. In the case that the base station 105-a performs this deternunation, 1 may transout
a dynamic configuration using L1 reconfigaration DCI to the UE 115-a indicating that a
subframe configuration may change, for example, a downlink subframe may change to an
uplink subframe. Additionally, the base station 105-a and/or the UE 115-a may allow

transmission repetitions 220 to go on until an end of the uplink subframe.

18147} FIG. 38 ilustrates an example of a configuration 300-b in accordance with
aspects of the present disclosure. In some examples, the configuration 300-b may implement
aspects of the configuration 300-a. In some examples, the configuration 360-b may
mmplement aspects of the wircless conmumunications systemas 100 and 200. For example, the
configuration 300-b may support TB repetition handhling for downlink and uplink
trangmissions. The configurations 300-b may itlastrate examples of repetition windows 310
for transmission repetitions 220 of TBs in an uphnk or downlink, where the repetition

windows 310 mav be span one or more TTls.

[6108] In some cases, the base station 105-a and/or the UE 115-a may determine that a
portion of the transmission repetitions 220 extend across the boundary 315-a and/or the
boundary 315-b (e.g., a slot boundary or an ¢IMTA boundary, or both) based at least in part

on the TTI index of the imitial transmission and the received control mformation. The UE
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115-a may also identify that it is configured to support extending across the boundary 315-a
and/or the boundary 315-b. If crossing the boundarv 315-a and/or the boundary 315-b is
allowable, the base station 105-a and/or the UE 115-a may determine a TT1 pattern in a next
subframe and/or elMTA. For example, the base station 105-a and/or the UE 115-a may
identifv a quantity of available TTls 303 (c.g., 305-1) 11 a second slot of 3 second subtrame,

cecurring after the boundary 315-a and/or the boundary 315-b.

[0199] in some cases, the base station 1035-a and/or the UE 115-a may not expect for a
portion of the transmission repetitions 220 to extend across the boundary 315-a and/or the
boundary 315-b (¢.g., a slot boundary or an eIMTA boundary, or both}, for example, based at
least in part on a specification configuration and/or the capability of the base station 105-a
and/or the UE 115-a. In some examples, the base station 103-a3 and/or the UE 115-a may
determine that a physical downlink shared channel (PDSCH) is not mapped to resources of a
T 305 in a second slot and/or a second subframe based on the quantity of available TTs,
As a result, the base station 105-a and/or the UE 115-a may puncture the TTI {e.g., TT1 305-
1) based on the PDSCH not being mapped to the TTL, and monitor the portion of the
transnussion repetitions based on the puncturing. For example, the UE 115-a may receive a
repetition factor & that may have a value that requires a portion of the transmission
repetitions 220 to extend across the boundary 3135-a and/or the boundary 315-b, the UE 115-a
may then assume that a last transmission is over a last TTI 305 of a current subframe, 1.,
other transmission on the other side of the boundary 315-a and/or the boundary 315-b may be

punctured.

{0116} In some cases, the base station 105-3 and/or the UE 115-a may determine whether
an imitial TT1 associated with the TTT mdex is available for the mitial transmission associated
with the transmission repetitions 220 ot the TB. In some exampies, the UE 115-a may receive
a control format indicator (CFI) transmitted via RRC that may indicate that TT1305-d s
configured for control channcl signaling. For example, a value of “17 in a ficld of a CFi may
mdicate that the mitial TTT associated with the TTI index is avatlable for transmissions, while
a value of 27 in the field of the CFI may indicate that the initial TTI 1s unavailable for
transmussions. In this case, the iitial TB transmissions may not ocour in THI 305-d, and no
repetition window 310 may be detined to correspond to this TTY index. As such, the UE 113-
a may postpone the imtial transmission associated with the transmission repetitions 220 of the

TB to a later TTL, for example, TT1 305-¢.
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{0111} in some cases, the UE 115-a may be expected to recetve rematming PDSCH
starting right after the TTI 305-d. Alternatively, the UE 115-a may puncture the transmission
and monitor for a subsequent transmission repetition 220 during a following TTL In this case,
the repetition factor K may be -1, The UE 115-3 may determine whether to postpone or
puncture the initial transmission based on whether the CF1 1s indicated dvnanucally or semi-
statically. For example, the UE 115-a may receive the CF1 on a physical control format
mdicator channel (PCFICH) or via higher laver signaling, and determine o postpone or
puncture the initial transmission based on whether the CFl1s indicated dynamically or senu-

statically.

{0112} By supporting transnussion repetitions of a T8, the base station 105-a and/or the
UE 115-a may provide an e¢fficient manner to enhance reliability and reduce latency i the
wircless communications system 200. For grant-based uplink TB transmission repetitions,

similar processes may be performed as described above for the downlink.

[8113] Fi1¢. 4 ilustrates an example of a process flow 400 in accordance with aspects of
the present disclosure. In some examples, the process flow 400 may wmplement aspects of the
wircless communications sysiem 100 and 200. The process tlow 400 may also support

transmission repetitions of a TB for downlink and uplink transnussions m an efficient manner
to enhance commumnication {e.g., rehability} and reduce latency in a wireless commumications

system. Base station 105-b and UE 115-b may be examples of the comesponding devices

described with reference to FIGs. 1 and 2.

{0114} In the following description of the process flow 400, the operations between the
base station 105-b and the UE 115-b may be transmitted in a different order than the
exemplary order shown, or the operations performed by the base station 105-b and the UE
115-b may be performed o different orders or at different times. Certain operations may also

be left out of the process flow 400, or other operations may be added to the process flow 400,

{8115} In some examples, the process flow 400 may commence with the base station 105-
b establishing a connection with the UE 115-b (e.g., performing a cell acquisition procedure,
a random access procedure, an RRC connection procedure, an RRC configuration procedure).
The base station 105-b may send granis {(e.g., in control information) to the UE 115-b to
schedule cither uphink or downlink transmission repetitions for a 1B, as part of the

connection cstablishment.
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0116} At 4035, the base station 1035-b may optionally identify a TT1 index for an initial
transmission of a TB. The TB may be an example of an uplink TB or a downhink TB, and the
TTI may be, additionally or alternatively, part of a slot of a subframe. In some examples, the
TH may be an sTTL At 410, the base station 103-b may also optionally determine a quantity
of transmission repetitions for the TB based on the TT1 mdex. fn some cases, the correlation
between the number of transmission repetitions and the TTT index may be based on a slot

boundary, a subframe boundary, an eIMTA boundary, or a combination thercof

{6117} At 415, the base station 105-b may transmit control information to the UE 115-b.
For example, the base station 105-b may transmit a grant to the UE 115-b. This grant may be
an example of a downlink grant or an uplink grant. The grant may indicaie resources to use
for TB transmission or TB reception, mcluding an mndication of transmission repetitions {¢.g.,
the repetition factor K) of a TB for a plurality of TTls, or of the TTI index for the inttial
transmission of the TB, or both. In some examples of eIMTA, the wireless communications
systems as described herein may determine whether repetitions in downlink can extend across
an uplink subframe. The techniques describe herein for TB repetitions crossing a boundary
{¢.g., siot boundary, subframe boundary) may similarly be performed for downlink
subframes, special subframes, uplink subframes, ete. (¢.g., DSUD subframes). For example,
if the base station 103-b and/or the UE 1135-b are providing transmission repetitions using
DSUD subframes, and a portion of the transmission repetitions needs to cross an uplink part
of an uplink subframe to reach the next downlink subframe, the base station 105-b and/or the
UE 115-b may support techniques describe herein for TB repetitions crossing a boundary
{c.g., slot boundary, subframe boundary) and apply it to DSUD subframes (c.g., such as

puncturing delaying, etc. a transmission repetition).

[6118] At 420, the UE 115-b may receive the control information from the base station
103-b. At 425, the UE 115-b may identify the quantity of transmission repetitions of the TB.
The identification may be based on the received control information. At 430, the UE 115-b
may optionally determine whether the UE 115-b is configured o support extending across a

subframe boundary, an ¢IMTA boundary, o1 a slot boundary, or a combination thereof,

{6119} At 435 the UE 115-b may monitor for the transmission repetitions of the TB, for
example, based on the identified guantity of transmission repetitions and/or the determination

of whether the UE 115-b 15 configured to support extending across a boundary (ie., a
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subframe boundarv, an ¢IMTA boundary, or a slot boundary, or a combination thereof). In
some examples, the UE 115~ may monitor for the transmission repetitions of the TB based on
the T index and the determined number of transmission repetitions. For example, UE 115-b
may momitor in a repetition window starting with the TTH corresponding to the mdicated TT1
mdex, and spanning a number of T11s equal 1o the determined number of transmission
repetitions. A repetition window may refer to a time period spanning one or more TTis in
which a same TB is repeated. As cach TT1 may contain a single TB transmission, a larger
number of transmission repetitions may correspond to a longer repetition window {(c.g.,
where the number of TTs in the repetition window cquals the number of TB transmission
repetitions). In some examples, the UE 115-b may receive the TB based on receiving one or
more downlink transmission repetitions of the TB during the monitoring process.
Alternatively, the UE 115-b may transmit uphink transmission repetitions of the TB based on
the TTI index and the identified mumber of transnussion repetitions, for which the base
station 105-b may monitor for these TB repetitions in the repetition window defined by the

mitial TTT and the number of transmission repetitions.

{0128] FiG. S shows a block diagram 500 of a device 503 in accordance with aspects of
the present disclosure. The device 505 may be an example of aspects of a device as described
herein. The device 503 may nclude a receiver 510, a communications manager 315, and a
transmitter 520. The device 505 may also inclade a processor. Each of these components may

be 1n commmunication with one another {¢ g, via one or more buses).

[8121] The receiver 310 may receive information such as packets, user data, or control
mformation assoctated with various wformation channels {¢.g., control channels, data
channels, and information related to more details on supporting repetition-based transmission,
eic.). Information may be passed on to other components of the device 505, The receiver 510
may be an example of aspects of the transceiver 820 described with reference to FIG. 8. The

receiver 510 may utilize a single antenna or a sct of antennas.

[8122] The communications manager 515 may receive, during a TTI of a subframe,
control information mcluding an indication of transmission repetitions of a TB for a set of
TTls, identify a guantity of transmission repetitions of the TB based on the control

mformation, and monifor for the transmission repetitions of the TB based on the identifving.
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The communications manager 315 may be an example of aspects of the communications

manager 810 described herein.

[0123] The device 505 or any other device described herein (e, a UE 115) may
beneficially support repetition based transmission as described herein. For example, the
device 505 may manage the transmission, reception, or both, of multiple repetitions of a TB

transmission, which may result in tmproved repetition coherency of the transmitted TB.

{6124} The communications manager 515, or its sab-components, may be implemented in
hardware, code (¢.g., software or firmware) executed by a processor, or any combination
thercof. If implemented m code exccuted by a processor, the functions of the communications
manager 515, or its sub-components may be executed by a gencral-purpose processor, a
digital signal processor (DSP), an application-specific integrated circuit {ASICY, a field
programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to

perform the functions described in the present disclosure.

{0125] The communications manager 515, or its sub-components, may be physically
located at various positions, including being distributed such that portions of functions are
implemented at different physical locations by one or more physical components. In some
examples, the communications manager 515, or its sub-components, may be a separate and
distinct component in accordance with various aspects of the present disclosure. In some
examples, the communications manager 515, or its sub-components, may be combined with
ong or more other hardware components, including but not hmited to an mput/output (/0)
component, a transceiver, a network server, another computing device, one or more other
components described in the present disclosure, or a combination thereof in accordance with

various aspects of the present disclosure.

[8126] The transmitter 520 may transmit signals generated by other components of the
device 5305, In some examples, the transmitter 520 may be collocated with a receiver 510 m a
transceiver module. For example, the transmitter 520 may be an example of agpects of the
transceiver 820 described with reference to FIG. 8. The transmitier 320 may utilize a single

antenna or a set of aniennas.

[6127] FIG. 6 shows a block diagram 600 of a device 605 in accordance with aspects of

the present disclosure. The device 605 mav be an example of aspects of a device 305 ora
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device 115 as described herein. The device 603 may include a receiver 610, a
communications manager 615, and a transmitter 630. The device 603 may also include a
processor. Each of these components may be i communication with one another {(¢.g., via

ong or more buses).

(31128} The receiver 610 may receive information such as packets, user data, or control
mformation associated with various information channels {e.g., control chanuels, data
channels, and information related to more details on supporting repetition-based transmission,
ete.). For example, the receiver 610 may receive, during a TT1 of a subframe, control
mformation including an indication of transmission repetitions of a TB for a set of TTls.
Information may be passed on to other components of the device 605, The receiver 510 may
be an example of aspects of the transceiver 820 described with reference to FIG. 8. The

receiver 610 may utilize a single antenna or a set of antennas.

{6129} The communications manager 615 may be an example of aspects of the
communications manager 515 as described herein. The communications manager 615 may
mchide an identification component 620 and a monitonng component 625. The
cormmunications manager 615 may be an example of aspects of the communications manager
310 described herein. The identification component 620 may identify a quantity of
transmission repetitions of the TB based on the control information. The montioring
component 625 may mounitor for the transmission repetitions of the TB based on the

identifving.

{8134] The transmitter 530 may transmit signals generated by other components of the
device 605, In some examples, the transmitter 630 may be collocated with a receiver 610 a
transceiver module. For example, the transmitter 630 may be an example of aspects of the
transceiver 820 described with reference to FIG. 8. The transmitier 635 may utilize a single

antenna or a set of antennas,

{6131} FIG. 7 shows a block diagram 700 of a communications manager 705
accordance with aspects of the present disclosure. The communications manager 705 may be
an example of aspects of a commumications manager 515, a communications manager 615, or
a commuunications manager 810 described herein. The communications manager 705 may
mclude an identification component 710, a monitoring component 715, a determination

component 720, a suspending component 725, a puncturing component 730, and a delay



WO 2019/217912 PCT/US2019/031853

component 735, Each of these modules may communicate, directly or indirectly, with one

another {¢.g., via one or more buses).

[6132] In some examples. the identification component 710 may identify avaluc in a
ficld ot a CFI associated with the control information. In some examples, the value in the
ficld of the CFI may be 2. In some examples, the identification component 710 may identify a
configuration of a wireless device {e.g., a device 505, adevice 603, ora UE 115} In some
examples, identifving the configuration may be based on a capability of the wircless device.
The capability may mnclude a DMRS sharing capability, a DMRS combining capability, a
configiration signaling, or an indication of the BDMRS sharing capability or the DMRS
combining capability relative to TT1s on cach side of a subtrame boundary, or a2 combination

thereof.

13133} In some examples, the identification component 710 may identify that the device
503, the device 605, or a device as described herein is not configured to support extending
across the subframe boundary or the slot boundary based on the configuration. In some
examples, the identification component 710 may tdentify that the device 505, the device 605,
or a device as described herein is configured to support extending across the subtrame
boundary or the slot boundary based on the configuration. In some examples, the
wdentification component 710 may identify a quantity of available TTls in a second slot of a
second subframe based on the device 505, the device 605, or a device as described herein

beng configured to support extending across the subframe boundary or the slot boundary.

8134} In some examples, the identification component 710 may identify a T index for
an initial transmission associated with the transmission repetitions of the TB. In some
examples, the identification component 710 may identify a value in a ficld of a CF1
associated with the control mformation, where deternining whether the nitial T is

available for the mitial transnuission is further based on the value 1n the field of the CFI.

[8135] In some examples, the identification component 710 may identify that the device
505, the device 603, or a device as described herein is not configured to support extending
across an ¢IMTA boundary based on the configuration, where monitoring for the
transmission repetitions of the TB further includes suspending monitoring a portion of the
transmission repetitions occurring after the eIMTA boundary based on the device 505, the

device 603, or a device as described herein not being configured to support extending across
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the cIMTA boundary. In some examples, the identification component 710 may idendify that
the device 503, the device 605, or a device as described herein is configured to support
extending across the eIMTA boundary based on the configuration, where monitoring for the
transmigsion repetitions of the TB further includes mounitoring for the portion of the
transmission repetitions occurring afier the elMTA boundary based on the device 503, the
device 603, or a device as described herein being configured to support extending across the
cIMTA boundary. In some examples, the identification component 710 may identify a
quantity of available TTls in a sccond slot of a second subtrame based on the deviee 503, the
device 603, or a device as descnibed herein being configured to support extending across the

cIMTA boundary.

[3136] The monitoring component 715 may monitor for the transmission repetitions of
the TB based on the identifying. In some examples, the monitoring component 715 may
monitor the portion of the transmission repetitions extending across the subframe boundary or
the slot boundary based on the configuration. In some examples, the monitoring component
715 may monttor the portion of the transmission repetitions during the second slot of the
second subframe based on the puncturing. In some examples, the monitoring component 715
may monitor for a subsequent TB transmission of the quantity of transmission repetitions
during a second TTI after the mitial TTI. In some examples, the monitoring component 713
may monitor the portion of the transmission repetitions extending across the eIMTA

boundary based on the configuration.

{6137} In some examples, the monitoring component 715 may monitor a PDSCH for the
transmigsion repetitions of the TB. The determination component 720 may detenmining that 3
second T is not available for transmitting one of the transmission repetitions of the TB

based at least m part on the value in the field of the CFL In some examples, the second TT1
may be a mini-slot. In some examples, the determination component 720 may enable a
wireless device {e.g., adevice 503, a device 605, or a UE 115) to realize one or more of the
advantages described hercm. For example, the determination component 720 may cnable a
wirglgss device to avoid monitoning the second TTI, which may result in lower computational

complexity, beneficial power savings, among other advantages.

(3138} In some examples, the determunation component 720 may determine whether the

device 503, the device 605, or a device as described herein is configured to support extending
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across a subframe boundary or a siot boundary based on the configuration. In some cxamples,
the determination component 720 may determune that a portion of the transmission repetitions
extend across the subframe boundary or the slot boundary based on the TTI index of the

mitial transmission and the control information.

3139} In some examples, the deternunation component 720 may determine a guantity of
available TT1s for the transmission repetitions of the TB based on the device 305, the device
603, or a device as described herein not being configured to support extending across the
subframe boundary or the siot boundary. In some examples, the determunation component
720 may determine that the quantity of available TTls is below the set of TTls for the
guantity of transmission repetitions of the TB. In some examples, the deterounation
component 720 may determine that a portion of the transmission repetitions extend across the
subframe boundary or the slot boundary based on the TTT index of the mitial transmission
and the control information. In some examples, the determination component 720 may
deternune that a PDSCH is not mapped to resources of a T11 in the second slot of the second

subframe based on identitving the quantity of available TT1s.

[B140] In some examples, the determination component 720 may determine whether an
mitial TTT associated with the TTT mdex is available for the mitial transmission associated
with the transmission repetitions of the TB based on the control information. In some
examples, the determination component 720 may determine that the initial TT1 associated
with the TTI index is unavailable for the imitial transmission based on the valuce in the field of
the CFL In some examples, the determination component 720 may determine that the initial
TT1 associated with the TT1 index is unavailable for the initial transmission based on the

value i the field of the CFL

10141} In some examples, the determuination component 720 may determine whether the
device 503, the device 603, or a device as described herein is contigured to support extending
across an eIMTA boundary based on the configuration. In some examples, the determination
component 720 may determine a subframe configuration of the subframe based on the control
mformation. In some examples, the determunation component 720 may determine that a
portion of the transmission repetitions extend across the eIMTA boundary based on the

subframe configuration.
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{3142} in some examples, the determination component 720 may determing a quantity of
available TTIs for the transmission repetitions of the TB based on the device 505, the device
605, or a device as described herein not being configured to support extending across the
eIMTA boundary, where monitoring for the transmission repetitions of the TB s further
bascd on the quantity of available TTls. In some examples, the determination component 720
may determune that a portion of the transmission repetitions extend across the eIMTA
boundary based on the TT1 index of the initial transmission and the control information. In
some cexamples, the determination component 720 may determine to monitoring for the
transmission repetitions of the TB until an ultimate TT1 of the quantity of available TTls

based at least in part on an indication received in a DCL

[3143] In some examples, the determunation component 720 may determine that the
portion of the transmission repetitions extend across an aplink portion of a special switching
subframe (S5F) associated with the subframe configuration, where monitoring for the
transmission repetitions of the TH further comprises suspending monitoring the portion of the
transnussion repetitions occurnng after the uplink portion of the SSF based at least in part on
the wireless device not being configured to support extending across the S5F. In some
cxamples, the determination component 720 may determine that the portion of the
transmission repetitions extend across an uplink subframe associated with the subframe
configuration, where the transmission repetitions are in a downlink transmission and
monitoring for the transmission repetitions of the TB further comprises suspending
moniforing the portion of the transmission repetitions occurring after the uphnk subframe
based at least in part on the wireless device not being configured to support extending across

the uplink subframe.

[144] In some examples, the determunation component 720 may determine that the
portion of the transmission repetitions extend across an aplink portion of a S5F associated
with the subframe configuration, where monitoring for the transmission repetitions of the TB
further comprises delaving or puncturing a subframe following the S8¥ for monitoring the
portion of the transmission repetitions occurring after the uplink portion of the 55F based at
least in part on the wireless device being configured to support extending across the SSF. In
some examples, the determination component 720 may deterning that the portion of the
transmission repetitions extend across an uplink subframe associated with the subframe

configuration, where the transmission repetitions are in a downlink transmission and
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monitoring for the transmission repetitions of the TB further comprises delaying or
puncturing a subframe following the uplink subframe for monitoring the portion of the
transmisston repetitions occurring after the uplink subframe based at least in part on the

wirgless device being configured to support extending across the uplink subframe.

[3145] The suspending component 725 may suspend monitoring at least one TT1 of the
set after an vltimate TT1 of the quantity of available TTls. The puncturing component 730
may puncture the TT1 in the second slot of the sccond subframe based on the PDSCH not
being mapped to the TTL In some examples, the puncturing component 730 may puncture the
mitial TTT based on deternvning that the mtial TTT 15 unavailable. In some examples, the
puncturing component 730 mav puncture the T11 in the second slot of the second subfranme
based on the PDSCH not being mapped to the TTL The delay component 733 may delay the

nitial transmission to a second TTT after the initial TT1.

0146} FIG. 8 shows a diagram of a system 800 including a device 805 1 accordance
with aspects of the present disclosure. The device 805 may be an example of or include the
components of device 505, device 603, or a device as described herein. The device 805 may
nclude components for bi-directional voice and data communications including components
for transmitting and receiving communications, including a communications manager 810, an
/O controller 815, a transceiver 820, an antenna 825, memory 830, and a processor 840,

These components may be in electronic communication via one or more buses {¢.g., bus 843).

[8147] The communications manager 810 may receive, during a TTI of a subframe,
control information mcluding an indication of transmission repetitions of a TB for a set of
TTls, identify a guantity of transmission repetitions of the TB based on the control

mformation, and monifor for the transmission repetitions of the TB based on the identifving.

{0148} The VO controller 815 may manage input and output signals for the device 803,
The /O controlier 815 mav also manage peripherals not miegrated into the device 805, In
some cases, the VO controller 815 may represent a physical connection or port to an external
peripheral In some cases, the /O controller 815 may vtikize an operating system such as
10S®, ANDROID®, MS-DOS®, MS-WINDOWS®, 052®, UNIX®, LINUX®, or another
known operating system. In other cases, the I/0 controller 815 may represent or interact with
amodem, a keyboard, a mouse, a touchscreen, or a similar device. In some cases, the VO

controller 815 may be implemented as part of a processor. In some cases, a user may interact
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with the device 8035 via the /0 controller 815 or via hardware components controlled by the

VO controller 815,

[0149] The transceiver 820 may communicate bi~directionally, via one or more antcnnas,
wired, or wireless links as described above. For example, the transceiver 820 may represent a
wireless transceiver and may communicate bi-directionally with another wireless transceiver.
The transceiver 820 may also include a modem to modulate the packets and provide the
modulated packets to the antennas for transmission, and to demodulate packets received from
the antennas. In some cases, the wireless device may include a single antenna 825. However,
i some cases the device may have more than one antenna 825, which may be capable of

concurrently transmitting or receiving multiple wircless transnussions.

(3150} The memory 830 may include random-access memory (RAM) and read-only
memory {ROM). The memory %30 may store computer-readable, computer-executable code
835 including mstructions that, when executed, cause the processor to perform various
functions described heremn. In some cases, the memory 830 may contain, among other things,
a basic mput/output system (BIOS) which may control basic hardware or software operation

such as the interaction with peripheral components or devices.

{3151} The processor 840 may inchude an intelligent hardware device, (¢ g., a general-
purpose processor, a DSP, a CPU, a microcontrolier, an ASIC, an FPGA, a programmable
logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, the processor 840 may be configured to operate a
memory array using a memory controlier. In other cases, a memory controller may be
mtegrated mto the processor 840, The processor 840 may be contigured to execute computer-
readable instructions stored 1n a memory (¢.g., the memory 830) to cause the device 803 to
perform varnious functions {(¢.g., functions or tasks supporting more details on supporting

repetition-based transnussion for downlink and/or uplink}.

[8152] The code €35 may include structions to implement aspects of the present
disclosure, meluding mstructions to support wireless commuunications. The code 835 may be
stored in a non-transitory computer-readable medivm such as system memory or other type of
memory. In some cases, the code 835 may not be directly exccutable by the processor 840 but
may cause a computer {¢.g., when compiled and executed}) to perform functions described

herein.
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0153} FIG. 9 shows a flowchart illustrating a method 900 in accordance with aspects of
the present disclosure. The operations of method 900 may be implemented by a device or its
components as described herein. For example, the operations of method 900 may be
performed by a commuucations manager as deseribed with reference to FiGs. 5 through 8. In
some examples, a device may execute a set of instructions to control the functional clements
of the device to perform the functions described below. Additionally or alternatively, a device

may perform aspects of the functions described below using special-purpose hardware.

{0154} At 905, the device may receive, during a TTT of a subframe, control information
mehuding an indication of transmission repetitions of 2 TB for a set of TTls. In some
examples, the receiving of the control information may occur during the T1lofaslot(c.g., a
first slot or a second slot) of the subframe. The operations of 903 may be performed
according to the methods described herein. In some examples, aspects of the operations of

503 mayv be performed by a recerver as described with reference to FIGs. 5 through 8.

{8155} At 910, the device may identify a quantity of transmission repetitions of the TB
based on the received control mformation. The operations of 910 may be performed
according to the methods described herein. In some examples, aspects of the operations of
910 may be performed by an identification component as described with reference to FIGs. 5

through 8.

{8156} At 9135, the device may monitor for the transmission repetitions of the TB base
on the identifyving. The operations of 915 may be performed according to the methods
described herein. In some examples, aspecis of the operations of 915 may be performed by a

monitoring component as described with reference to FIGs. 5 through §.

{3157} FIG, 19 shows a flowchart illustrating 2 method 1000 in accordance with aspects
of the present disclosure. The operations of method 10060 may be implemented by a device or
its components as described herein. For example, the operations of method 1000 may be
performed by a commumications manager as described with reference to FIGs. 5 through 8. In
soime examples, a device may execute a sct of instructions to control the functional clements
of the device to perform the functions described below. Additionally or altematively, a device

may perform aspects of the functions described below using special-purpose hardware.

[0158] At 1003, the device may receive, during a T1I of a subframe, control information

mehuding an mndication of transmission repetitions of a TB for a set of TTls. The operations
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of 1005 may be performed according to the methods described herein. fn some examples,
aspects of the operations of 1003 may be performed by a receiver as described with reference

to F1Gs. 5 through 8.

[31539] At 1010, the device may 1dentifyv a quantity of transnuigsion repetitions of the TB
based on the control information. The operations of 1010 may be performed according to the
methods described herein. In some examples, aspects of the operations of 1010 may be

performed by an identification component as described with reference to FiGs. 5 through 8.

{8164} At 1015, the device may identify a configuration of the device. The operations of
1015 may be performed according to the mcthods described herein. In some examples,
aspects of the operations of 1013 may be performed by an identification component as

described with reference to FIGs. 3 through 8.

[B161] At 1020, the device may determine whether the device 1s configured to support
extending across a subframe boundary or a slot boundary based on the configuration. The
operations of 1020 may be performed according to the methods described herein. In some
cxamples, aspects of the operations of 1020 may be performed by a determination component

as described with reference to FIGs. 5 through 8.

{3162} At 1025, the device may monitor for the transmussion repetitions of the TB based
on the identifyving. The operations of 1025 may be performed according to the methods
described herein. In some examples, aspecis of the operations of 1025 may be performed by a

monitoring component as described with reference to FIGs. 5 through §.

3163} Fi{s. 11 shows a flowchart illustrating a method 1100 i accordance with aspects
of the present disclosure. The operations of method 11060 may be implemented by a device or
its components as described herein. For example, the operations of method 1100 may be
performed by a commumications manager as described with reference to FIGs. 5 through 8. In
soime examples, a device may execute a sct of instructions to control the functional clements
of the device to perform the functions described below. Additionally or alternatively, a device

may perform aspects of the functions described below using special-purpose hardware.

10164} At 1103, the device may receive, during a T1I of a subframe, control information
mehuding an mdication of transmission repetitions of a TB for a set of TTls. The operations

of 1105 may be performed according to the methods described herein. In some examples,
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aspects of the operations of 1105 may be performed by a receiver as described with reference

to F1Gs. 3 through 8.

[0165] At 1110, the device may identify a quantity of transnussion repetitions of the TB
based on the control mformation. The operations of 1110 may be performed according to the
methods described herein. In some examples, aspects of the operations of 1110 may be

performed by an identification component as described with reference to FiGs. 5 through 8.

[8166] At 1115, the device may identify a configuration of the device. The operations of
1115 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1115 may be performed by an identification comaponent as

described with reference to F1Gs. 5 through 8.

[6167] At 1120, the device may determine whether the device is configured to support
extending across an elMTA boundary based on the configuration. The operations of 1120
may be performed according to the methods described herein. In some examples, aspects of
the operations of 1120 may be performed by a determination component as described with

reference to FiGs. 5 through 8.

{3168} At 1125, the device may mouitor for the transmission repetitions of the TB. The
operations of 1125 may be performed according to the methods described herein. In some
examples, aspects of the operations of 1123 may be performed by a monitoring component as

described with reference to FIGs. § through 8.

[3169] Fi. 12 shows a flowchart illustrating a method 1200 in accordance with aspects
of the present disclosure. The operations of method 1200 may be implemented by a device or
s components as described herein. For example, the operations of method 1200 may be
performed by a communications manager as described with reference to FiGs. 3 through 8. In
some examples, a device may execute a set of instructions to control the functional clements
of the device to perform the functions described below. Additionally or alternatively, a device
may perform aspects of the functions described below using special-purpose hardware,

3170} At 1205, the device may receive, during a TTI of a subframe, control information

mchuding an ndication of transouission repetitions of a TB for a set of TTls. The operations

of 1205 may be performed according to the methods described herein. In some examples,
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aspects of the operations of 1205 may be performed by a receiver as described with reference

to F1Gs. 3 through 8.

{0171} At 1210, the device may identify a quantity of transnussion repetitions of the TB
based on the control mformation. The operations of 1210 may be performed according to the
methods described herein. In some examples, aspects of the operations ¢f 1210 may be

performed by an identification component as described with reference to FiGs. 5 through 8.

18172} At 1213, the device may identify a configuration of the device. The operations of
1215 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1215 may be performed by an identification comaponent as

described with reference to F1Gs. 5 through 8.

0173} At 1220, the device may determine whether the device is configured to support
extending across an elMTA boundary based on the configuration. The operations of 1220
may be performed according to the methods described herein. In some examples, aspects of
the operations of 1220 may be performed by a determination component as described with

reference to FiGs. 5 through 8.

13174] At 12235, the device may determine a subframe configuration of the subframe
bascd on the control mformation. The operations of 1225 mayv be performed according to the
methods described herem. In some examples, aspects of the operations of 1225 may be

performed by a determination component as described with reference to FIGs. 5 through 8.

[B3175] At 1230, the device may deternune that a portion of the transmission repetitions
gxtend across the eIMTA boundary based on the subframe configuration. The operations of
1230 may be performed according to the methods described berein. iIn some examples,
aspects of the operations of 1230 may be performed by a determination component as

described with reference to FIGs. 5 through 8.

{8176} At 1235, the device may monitor for the transmission repetitions of the TB. The
operations of 1235 may be performed according to the methods described herein. In some
examples, aspects of the operations of 1235 may be performed by a monitoring component as

descrbed with reference to FiGs. 5 through 8.

[8177] It should be noted that the methods described above describe possible

implementations, and that the operations and the steps may be rearranged or otherwise
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modified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.

{0178] Techniques described hercin mayv be used for various wircless communications
systems such as code division multiple access (CDMA), time division multiple access
(TDMA), frequency division nuddtiple access (FDMA), orthogonal frequeney division
multiple access (OFDMA), single carrier frequency division multiple acoess (SC-FBMA),
and other svsiems. A CDMA system may implement a radio technology such as CDMAZ000,
Universal Terrestrial Radio Access (UTRA), ete. CDMA2000 covers 18-2000, I5-93, and I8~
856 standards. I18-2000 Releases may be commonly referred to as CDMA2000 1X, 1X) cte.
15-856 (T1A-~836) is conumonly referred to as COMA2000 IxEV-DO, High Rate Packet Data
{(HRPD), eic. UTRA includes Wideband CDMA (WCDMA) and other vanants of CDMA . A
TDMA system may implement a radio technology such as Global System for Mobile

Communications {GSM).

[8179] An OFDMA svstem may implement a radio technology such as Ultra Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institote of Electrical and Electronics
Engincers (JEEE) 802,11 (Wi-Fu), IEEE 802 16 (WiMAX), IEEE 802.20, Flash-OFDM, ctc.
UTRA and E-UTRA are part of Umiversal Mobile Telecommunications System (UMTS).
LTE, LTE-A, and LTE-A Pro are releases of UMTS that use E-UTRA UTRA, E-UTRA,
UMTS, LTE, LTE-A, LTE-A Pro, NR, and GSM are described in documents from the
organization named “3rd Generation Partaership Project” (3GPP). CDMAZ000 and UMB are
described in documents from an organization named “3rd Generation Partnership Project 27
{3GPP2). The techniques described hergin may be used for the systems and radic
technologics mentioned above as well as other systems and radio technologics. While aspects
ofan LTE, LTE-A, LTE-A Pro, or NR system may be described for purposes of example,
and LTE, LTE-A) LTE-A Pro, or NR terminology may be used in much of the description,
the techniques described herein are applicable beyond LTE, L'TE-A, LTE-A Pro, or NR

applications.

{0184] A macro cell generally covers a relatively large geographic area {c.g., several
kilometers in radius) and may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may be associated with a lower-

powered base station 105, as compared with a macro cell, and a small cell may operate in the
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same or different {e.z ., licensed, unlicensed, etc ) frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells according to various examples. A pico
cell, for example, mav cover a small geographic area and may allow unrestricted access by
UEs 115 with service subscriptions with the network provider. A femto cell may also covera
small geographic area (¢.g., a home) and may provide resiricted access by UEs 113 having an
assoctation with the femto cell (e.g., UEs 115 n a closed subscnber group (CSG), UEs 115
for users in the home, and the like). An eNB for a2 macro cell may be referred to as a macro
e¢NB. An cNB for a small cell may be referred to as a small cell eNB, a pico ¢NB, a femto
eNB, or ahome eNB. An eNB may support one or multiple (e.g., two, three, four, and the

kke) cells, and may also sapport communications using one or multiple component carriers.

[3181] The wireless communacations svstem 100 or systems described herein may
support svechronous or asyachronous operation. For svnchronous operation, the base stations
105 mav have similar frame timing, and transmissions from different base stations 105 may
be approximately aligned in time. For asvachronous operation, the base stations 105 may
have different frame timing, and transmissions from different base stations 105 may not be
aligned in time. The technigues described hercin may be used for either synchronous or

asynchronous operations,

(3182} Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbols, and chips that may be reterenced throughout the above
description may be represented by voltages, currents, electromagnetic waves, magnetic fields

or particles, optical fields or particles, or anv combination thereof.

[3183] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an FPGA, or other programmable logic device (PLDY), discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a

combination of computing devices {(¢.g., a combination of a DSP and a microprocessor,
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multiplc microprocessors, one Or MOre MICTOPracessors in conjunction with a DSP core, or

anv other such configuration).

{0184] The functions described hercin may be implemented in bardware, software
executed by a processor, firmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as ong or more
mstructions or code on a computer-readable medium. Other examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions described above can be implemented using software executed by a
processor, hardware, firmware, hardwirtng, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including being

distnbuted such that portions of functions are implemented at different physical locations.

{3185] Computer-readable media includes both non-transitory computer storage media
and communication media inchuding any medium that facilitates transfer of a computer
program from one place to another. A non-transitory storage mediom may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
cxample, and not limitation, non-transitory computer-readable media may include RAM,
ROM, electrically erasable programmable read only memory (EEPROM), flash memory,
compact disk (CD) ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other non-transitory medivm that can be used to carry or
store desired program code means m the form of mstructions or data structures and that can
be accessed by a general-purpose or special-purpose computer, or a gencral-purpose or
special-purpose processor. Also, any connection is properly termed a computer-readable
medium. For example, if the software 1s transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as mfrared, radio, and microwave, then the coaxial cable, fiber
optic cable, twisted patr, DSE, or wircless tochnologies such as mfrared, radio, and
microwave are included in the definttion of medium. Disk and disc, as used herein, include
CD, laser dise, optical disc, digital versatile disc (DVD}, floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with lasers.

Combinations of the above are also included within the scope of computer-readable media.
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{3186} As used herein, including in the claims, “or” as used in a list of tems (e.g., a list
of items prefaced by a phrase such as “at least one of” or “one or more of ) indicates an
melustve hist such that, for example, a listofatlcastone of A, B, or Cmeans Aor Bor C or
ABor ACorBC or ABC (ie, A and B and €. Also, as used hercin, the phrase “based on”
shall not be constraed as a reference 1o a closed sct of conditions. For example, an exemplary
step that is described as “based on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herem, the phrase “based on” shall be construed in the same manner as the phrase

“based at least in part on.”

[6187] In the appended figures, similar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distingwishes among the
similar components. H just the first reference label is used in the specification, the description
1s applicable to anv one of the similar components having the same first reference label

rrespective of the second reference label, or other subsequent reference label.

{0188] The description set forth herein, in connection with the appended drawings,
describes example contfigurations and does not represent all the examples that may be
mmplemented or that are within the scope of the claims. The term “exemplary” used herein
means “serving as an example, instance, or itlustration,” and not “preferred” or
“advantageous over other examples.” The detailed description mcludes specific details for the
purpose of providing an understanding of the described techmques. These technigues,
however, may be practiced without these specific details. In some instances, well-knowa
structures and devices are shown m block diagram form 1o order to avoid obscuring the

concepts of the described examples.

[3189] The description herein is provided to enable a person skilled i the art to make or
use the disclosure. Various modifications to the disclosure will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
examples and designs described herein, but is to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS

1. A method for wireless communications at a wireless device, comprising:

receiving control information comprising an indication of transmission repetitions
of a transport block (TB) for a plurality of transmission time intervals (TTIs) of a subframe;

identifying a quantity of transmission repetitions of the TB based at least in part
on the control information, wherein at least one subslot of the subframe is not counted in the
identified quantity of transmission repetitions; and

monitoring for the transmission repetitions of the TB based at least in part on the
identifying.

2. The method of claim 1, further comprising:
determining that a second TT1I is not used for one of the transmission repetitions

based at least in part on a control format indicator (CFl) field having a value of 2.

3. The method of claim 1, further comprising:

identifying a value in a field of a control format indicator (CFI) associated with
the control information; and

determining that a second TTI is not available for one of the transmission

repetitions of the TB based at least in part on the value in the field of the CFI.
4. The method of claim 3, wherein the value in the field of the CFl is 2.
5. The method of claim 3, wherein the second TTI is a mini-slot.

6. The method of claim 3, wherein monitoring for the transmission
repetitions of the TB comprises:
monitoring a physical downlink shared channel (PDSCH) for the transmission

repetitions of the TB.

7. The method of claim 1, further comprising:
determining whether an initial TTI associated with a TTI index is available for an
initial transmission associated with the transmission repetitions of the TB based at least in part

on the control information.
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8. The method of claim 7, further comprising:
identifying a value in a field of a control format indicator (CFI) associated with
the control information, wherein determining whether the initial TTI is available for the initial

transmission is further based at least in part on the value in the field of the CFI.

9. The method of claim 8, further comprising:
determining that the initial TTI associated with the TTI index is unavailable for
the initial transmission based at least in part on the value in the field of the CFI; and

delaying the initial transmission to a second TTI after the initial TTI.

10.  The method of claim 8, further comprising:

determining that the initial TTI associated with the TTI index is unavailable for
the initial transmission based at least in part on the value in the field of the CFI,

puncturing the initial TT1 based at least in part on determining that the initial TTI
is unavailable; and

monitoring for a subsequent TB transmission of the quantity of transmission

repetitions during a second TTI after the initial TTI.

11.  The method of claim 8, wherein the CFl is received dynamically or semi-

statically.

12.  The method of claim 8, wherein the CFI is received on a physical control

format indicator channel (PCFICH) or via higher layer signaling.

13.  The method of claim 1, further comprising:

determining that a portion of the transmission repetitions extend across a
subframe boundary based at least in part on a TTI index of an initial transmission and the control
information;

identifying that the wireless device is configured to support extending across the
subframe boundary; and

identifying a quantity of available TTIs in a second subframe.

14.  The method of claim 13, further comprising:
determining that a physical downlink shared channel (PDSCH) is not mapped to
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resources of a TTI in the second subframe based at least in part on identifying the quantity of
available TTls;

puncturing the TTI in the second subframe based at least in part on the PDSCH
not being mapped to the TTI; and

monitoring the portion of the transmission repetitions during the second subframe

based at least in part on the puncturing.

15. The method of claim 1, wherein each TB transmission of the transmission

repetitions is monitored for in a different TTI of a repetition window.

16.  The method of claim 1, further comprising:

identifying a TTI index for an initial transmission associated with the
transmission repetitions of the TB;

determining that a portion of the transmission repetitions extend across a
subframe boundary based at least in part on the TTI index of the initial transmission and the
control information; and

monitoring the portion of the transmission repetitions extending across the

subframe boundary.

17.  The method of claim 1, further comprising:

identifying that the wireless device is not configured to support extending across a
subframe boundary; and

determining a quantity of available TTIs for the transmission repetitions of the
TB, wherein monitoring for the transmission repetitions of the TB is further based at least in part

on the quantity of available TTIs.

18.  The method of claim 17, further comprising:

determining that the quantity of available TTIs is below the plurality of TTIs for
the quantity of transmission repetitions of the TB; and

suspending monitoring at least one TTI of the plurality of TTlIs after an ultimate

TTI of the quantity of available TTIs.

19.  The method of claim 17, further comprising:
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determining to monitor for the transmission repetitions of the TB until an ultimate
TTI of the quantity of available TTIs based at least in part on an indication received in a

downlink control information (DCI).

20.  The method of claim 1, further comprising:
identifying a configuration of the wireless device; and
determining whether the wireless device is configured to support extending across

a subframe boundary based at least in part on the configuration.

21.  The method of claim 20, wherein identifying the configuration is based at
least in part on a capability of the wireless device, the capability comprising a demodulation
reference signal (DMRS) sharing capability, a DMRS combining capability, a configuration
signaling, or an indication of the DMRS sharing capability or the DMRS combining capability

relative to TTls on each side of the subframe boundary, or a combination thereof.

22.  The method of claim 1, further comprising:

identifying a configuration of the wireless device; and

determining whether the wireless device is configured to support extending across
an enhanced interference mitigation and traffic adaptation (eIMTA) boundary based at least in

part on the configuration.

23.  The method of claim 22, wherein identifying the configuration is based at
least in part on a capability of the wireless device, the capability comprising a demodulation
reference signal (DMRS) sharing capability, a DMRS combining capability, a configuration
signaling, or an indication of the DMRS sharing capability or the DMRS combining capability

relative to TTIs on each side of a subframe boundary, or a combination thereof.

24.  The method of claim 22, further comprising:

determining a subframe configuration of the subframe based at least in part on the
control information; and

determining that a portion of the transmission repetitions extend across the

elIMTA boundary based at least in part on the subframe configuration.

25.  The method of claim 24, further comprising:
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identifying that the wireless device is not configured to support extending across
the eIMTA boundary based at least in part on the subframe configuration, wherein monitoring
for the transmission repetitions of the TB further comprises suspending monitoring the portion of
the transmission repetitions occurring after the eIMTA boundary based at least in part on the

wireless device not being configured to support extending across the eIMTA boundary.

26.  The method of claim 25, further comprising:

determining a quantity of available TTIs for the transmission repetitions of the TB
based at least in part on the wireless device not being configured to support extending across the
elMTA boundary, wherein monitoring for the transmission repetitions of the TB is further based

at least in part on the quantity of available TTIs.

27.  The method of claim 26, further comprising:

determining that the quantity of available TTIs is below the plurality of TTIs for
the quantity of transmission repetitions of the TB; and

suspending monitoring at least one TTI of the plurality of TTIs after an ultimate

TTI of the quantity of available TTIs.

28.  The method of claim 24, further comprising:

identifying that the wireless device is configured to support extending across the
elIMTA boundary based at least in part on the subframe configuration, wherein monitoring for
the transmission repetitions of the TB further comprises monitoring for the portion of the
transmission repetitions occurring after the elMTA boundary based at least in part on the

wireless device being configured to support extending across the eIMTA boundary.

29.  The method of claim 28, further comprising:

identifying a TTI index for an initial transmission associated with the
transmission repetitions of the TB;

determining that the portion of the transmission repetitions extend across the
eIMTA boundary based at least in part on the TTI index of the initial transmission and the
control information; and

monitoring the portion of the transmission repetitions extending across the

elMTA boundary based at least in part on the subframe configuration.
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30.  The method of claim 29, further comprising:

identifying a quantity of available TTIs in a second subframe based at least in part
on the wireless device being configured to support extending across the eIMTA boundary;

determining that a physical downlink shared channel (PDSCH) is not mapped to
resources of a TTI in the second subframe based at least in part on identifying the quantity of
available TTls;

puncturing the TTI in the second subframe based at least in part on the PDSCH
not being mapped to the TTI; and

monitoring the portion of the transmission repetitions during the second subframe

based at least in part on the puncturing.

31.  The method of claim 24, further comprising:

determining that the portion of the transmission repetitions extend across an
uplink portion of a special switching subframe (SSF) associated with the subframe configuration,
wherein monitoring for the transmission repetitions of the TB further comprises suspending
monitoring the portion of the transmission repetitions occurring after the uplink portion of the
SSF based at least in part on the wireless device not being configured to support extending across
the SSF.

32.  The method of claim 24, further comprising:

determining that the portion of the transmission repetitions extend across an
uplink subframe associated with the subframe configuration, wherein the transmission repetitions
are in a downlink transmission and monitoring for the transmission repetitions of the TB further
comprises suspending monitoring the portion of the transmission repetitions occurring after the
uplink subframe based at least in part on the wireless device not being configured to support

extending across the uplink subframe.

33.  The method of claim 24, further comprising:

determining that the portion of the transmission repetitions extend across an
uplink portion of a special switching subframe (SSF) associated with the subframe configuration,
wherein monitoring for the transmission repetitions of the TB further comprises delaying or

puncturing a subframe following the SSF for monitoring the portion of the transmission
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repetitions occurring after the uplink portion of the SSF based at least in part on the wireless

device being configured to support extending across the SSF.

34.  The method of claim 24, further comprising:

determining that the portion of the transmission repetitions extend across an
uplink subframe associated with the subframe configuration, wherein the transmission repetitions
are in a downlink transmission and monitoring for the transmission repetitions of the TB further
comprises delaying or puncturing a subframe following the uplink subframe for monitoring the
portion of the transmission repetitions occurring after the uplink subframe based at least in part

on the wireless device being configured to support extending across the uplink subframe.

35.  An apparatus for wireless communications at a wireless device,
comprising:
a processor, memory in electronic communication with the processor; and
instructions stored in the memory and executable by the processor to cause the apparatus to:
receive identify a quantity of transmission repetitions of the TB based at
least in part on the control information
monitor for the transmission repetitions of the TB based at least in part on
the identifying.

36.  The apparatus of claim 35, further comprising:

a receiver; and

instructions stored in the memory and executable by the processor to cause the
apparatus to:

configure the receiver to receive the control information.

37.  The apparatus of claim 35, wherein the instructions are further executable
by the processor to cause the apparatus to:
determine that a second TTI is not used for one of the transmission repetitions

based at least in part on a control format indicator (CFI) field having a value of 2.

38.  The apparatus of claim 35, wherein the instructions are further executable

by the processor to cause the apparatus to:
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identify a value in a field of a control format indicator (CFI) associated with the
control information; and

determine that a second TTI is not available for one of the transmission
repetitions of the TB based at least in part on the value in the field of the CFI.

39.  The apparatus of claim 38, wherein the value in the field of the CFl is 2.
40. The apparatus of claim 38, wherein the second TTI is a mini-slot.

41.  The apparatus of claim 38, wherein the instructions to monitor for the
transmission repetitions of the TB are executable by the processor to cause the apparatus to:

monitor a physical downlink shared channel (PDSCH) for the transmission
repetitions of the TB.

42.  The apparatus of claim 35, wherein the instructions are further executable
by the processor to cause the apparatus to:

determine whether an initial TTI associated with a TTI index is available for an
initial transmission associated with the transmission repetitions of the TB based at least in part

on the control information.

43.  The apparatus of claim 42, wherein the instructions are further executable
by the processor to cause the apparatus to:

identify a value in a field of a control format indicator (CFI) associated with the
control information, wherein determining whether the initial TTI is available for the initial

transmission is further based at least in part on the value in the field of the CFI.

44.  The apparatus of claim 43, wherein the instructions are further executable
by the processor to cause the apparatus to:

determine that the initial TTI associated with the TTI index is unavailable for the
initial transmission based at least in part on the value in the field of the CFI; and

delay the initial transmission to a second TT1 after the initial TTI.

45.  The apparatus of claim 43, wherein the instructions are further executable

by the processor to cause the apparatus to:
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determine that the initial TTI associated with the TTI index is unavailable for the
initial transmission based at least in part on the value in the field of the CFl;

puncture the initial TTI based at least in part on determining that the initial TTI is
unavailable; and

monitor for a subsequent TB transmission of the quantity of transmission

repetitions during a second TTI after the initial TTI.

46.  The apparatus of claim 43, wherein the CFI is received dynamically or

semi-statically.

47.  An apparatus for wireless communications at a wireless device,
comprising:

means for receiving control information comprising an indication of transmission
repetitions of a transport block (TB) for a plurality of transmission time intervals (TTIs) of a
subframe;

means for identifying a quantity of transmission repetitions of the TB based at
least in part on the control information, wherein at least one subslot of the subframe is not
counted in the identified quantity of transmission repetitions; and

means for monitoring for the transmission repetitions of the TB based at least in
part on the identifying.

48. A non-transitory computer-readable medium storing code for wireless
communications at a wireless device, the code comprising instructions executable by a processor
to:

receive control information comprising an indication of transmission repetitions
of a transport block (TB) for a plurality of transmission time intervals (TTIs) of a subframe;

identify a quantity of transmission repetitions of the TB based at least in part on
the control information, wherein at least one subslot of the subframe is not counted in the
identified quantity of transmission repetitions; and

monitor for the transmission repetitions of the TB based at least in part on the
identifying.



